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Thb pormanont-way inspector of to-ilay — bo far ae my know- 
ledge of him goes— is uot merely that vague product, a 
" practical man ;" he does uot necessarily prefer gnesswork 
to certainty; ho has not a eapieme contempt for a simple 
and intelligible mathematical method ; he has not a serene 
confidence in the fallible prncess of "putting it in by the 
eye"; and he is not one jot less practical than the plate- 
layer of the old school, although he has had the advantage of 
a bettor edacation. To him, then, 1 dedicate this little book. 

The first chapter deals with the material which the phtn- 
layer has to work with. While on furlough in 1885 I was 
engaged for some months in passing material for the War 
Office, and so had constant opportunity of observing the pro- 
cesses of manufacture which I have briefly described. The 
inspection and test reports, I may add, are quotations from my 
own papers. 

In the second chapter I have described the actual operations 
of platolaying, both as regards couatruction and maintenance ; 
and for aesiatanco in this portion I am greatly indebted to 
Inspector Campion and soveral other friends, both Engineers 
and Platelayers. 

The third ohapter treats of points and crossings. Upon this 
sabject Donaldson is, without question, the groat authority. 
But simplificationa of his treatment follow at ouco from the 
measurement of the gauge from inside edge to inside edge of 
rail-bead, instead of from conti'c to contio of rail, since the 
tridtb of the upper table of the rail disappears from all terms 
of the oalcnlation, and only affects the clearance. Donaldson, 




ftgftiii, expresses the inclination of a crossing in terms of tlic 
lirtse and height of an isosceles triangle whose equal sides aro 
drawn on the centre-lines of the intersecting rails ; whoronB I 
huve tnken the inclination-aumbiiir as expresfiod by the cotangent 
of the angle of the crossing. This ia simpler, and not only 
disposi^s of the half angle in nuist of the formula), hut agrees 
with the practice of the Government of India, P.W.D. 

The fourth chapter contains a few simplo mles for setting 
out curves and diversions, — Jetormining the radius of a curve 
and the super-elevation of the outer rail on oiirveB, — finding the 
radius, lead, and number of a arosaing, &o. 

A few tables follow. Thoao which specially »pi>ly to the 
old and new standard crossings in use on Indian State Railways 
were worked out by me when I was Assistiiat Superintendent 
Way and Works, Nortb-Weateru Railway, and, prefaced by a 
few simple rules, were circulated among all engineers and 
inHj>ector8 on that lino, I wish to eay, however, that my 
object has been, not ao much to put ready-made figures at the 
diKjiosal of the reader, as to indicate the simplest way of 
working out for himself any problem which may occur, 

I regret that I cannot even attempt to give a list of the 
books which I have consulted, and from which, as I readily 
acknowledge, I have derived a great deal, either absolutely or 
in confirmation of my own oKporienco. Engineers in India can 
only carry about with Ibom u few standard hooka of reference ; 
there are no libraries of professional works within easy reach ; 
and all that we can do is to lend and borrow such few books as 



This little book has been written at scattered intervals of 
leisure, but I can only plead this as a partial excuse for its 
unequal treatment of the subject and lack of completeness. 
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CHAPTEE I. 

PERMANENT-WAY MATERIAL. 

1. — Definition of Permanent Way. 

The permanent way consists of rails, sleepers, and fastenings, 
and the term is used to distinguish the finished and permanent 
railroad from temporary lines laid down during construction 
for the carriage of material, &c. 

The rails are laid to gauge, i. e. at a certain distance apart ; 
their ends are fished together with plates and bolts ; and they 
rest — either in chairs, on bearing-plates, or directly — upon the 
sleepers, to which they are fastened by means of spikes, fang- 
bolts, coach-screws, or keys. 

The sleepers are bedded and packed in ballast, which is 
spread upon the formation of the bank or cutting. 

• 

2. — Ballast. 

The ballast, forming the immediate foundation and support 
of the permanent way, should be of a material clean, hard, 
and sufficiently bindable, yet loose enough to admit of free 
drainage. 

Stone, brick, or kunker, broken sufficiently small to pass in 
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any direction through a ringZ^ or 3 mcliee in diamoter — sharp 
clean gravel, or eand, is the moBt usual material. 

Saud, covered with a top dressing of brick or etono to keep 
down tlie dust, forme an excellent packing for metal sleeperB. 

That portion of the baUast which is not actually packed, but 
liea on the top or is loosely filled in, is called the boxing. 
Continental engineers nttaah great importance to the boxing 
outside the rails forming heavy banquettes (vide frontispieoe). 

3. — Iron and Iron Ores. 

In one form or another iroQ constitutes the material of rails, 
fiBh-platcs, cLairs, and faGtenings, — and sometimes of sleepsrB 
and keys. 

In a chemically pore state iron possessea no practical value, 
and is merely interesting &om a scientific point of view. 

Its qualities as a constructive material depend npon the more 
or less complete elimination of sulphur, phosphorus, silicon, 
and other impurities, and upon the admixture of very small 
proportions of carbon and manguneae. 

Iron ig obtained in its first condition — tliat of pig iron — by 
smelting certain ores in a blast fumiice with coke and lime. 

Of workable ores, the oxide class includes magnetic iron ore, 
red htsmatite and brown beeniatite, while tlie carbonate class 
are found in the forms of spatliic iron ore and clay ironstone. 

Swedish iron is obtained from magnetic ore. Bed hnmatite 
is f jund in Lancashire and Cumberland ; brown hiematite in 
the Forest of Dean, Cornwall, and Devonshire; and clay iron- 
fitone in Wales, Scotland, Yorkshire, Sloffordshire, Derbyshire, 
and Shropshire. 

4. — DeBcriptions of Iron, 
Three descriptions of iron are broadly distinguished : — Pig 
or cast iron ; malleable or wrought iron ; and steel or ingot 
iron. Of each of these, again, seveial varieties are recugnised. 
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5. — Cast Iron. 

Cast iron contains from 2 to 4-75 per cant, of carbon, which 
iu the whiter varieties is chiefly uombined or dissolvoiJ, and in 
the greyer kinds mostly uncombincd or graphitic. When the 
proportion is not too large, carbon increases the fluidity of 
molton iron, and makes the pig softer and tougher; iu excess 
it makes iron both softer and weaker, owing to the presence of 
an combined or graphitic carbon. 

Cast iron is inductile, and cannot be forgod or welded. It 
cannot tie relied on to stand severe strains suddenly applied, 
and is untrustworthy under tensile strain, 

Witliin a limited range it is tougher, in compression it is 
much etrongor, and under tension it is much weaker, than 
vrronght iron ; it is harder, more brittle, and beyond a amatl 
nnge of stress it is leas tough; it is fusible at mnch lower 
temperatures ; and it is not so readily osidized. 

We may broadly distinguish throe descriptions of pig iron — 
grey, mottled, and white — there being again four gradations of 
grey pig, of which three are useful for foundry purposes. 

More piu'ticularly, then, we may say that there are six 
varieties of pig iron in the market ; — 

No. 1. — Contains most graphitic carbon, is the most fusible, 
is soft and tender. Las the coarsest texture, with a fraotare grey, 
crystalline, and lustrous, is used for small fine castings, and is 
generally the dearest. 

Nos. '2 and 3. — Contain less carbon, are fusible enough for 
larger castings, where etreugth rather than fineness of surface 
is required, and exhibit a lighter grey and less lustrous fractnre. 

No. i. — " Bright grey pig " contains least carbon of all tho 
four grey kinds of pig, is not readily fusible, and is used, not for 
foundry pnrposes, out for making malleable iron. Its fracture 
is light grey with very small crystals and but little lustre. 

Motlied pi<j. — 3o called on account of the appearance of its 
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White. — Contains most combined carbon, ie tJiQ hardust and 
moet brittle, exLibits a white, crygtalline fracture, and is only 
used for making inferior bar iron. 

6. — Malleable or Wrought Iron. 

Malleable iron contains lass cailKiu titan caet iron, but not 
necessarily less than the milder kinds of steel ; it is therefore 
best described as the result of the more or less complete decar- 
burizatiuu aad pnrification of pig iron by the " puddling 
liroceea." 

It is malleable fas its distingoisbing name implies), dnctile, 
weldablo, and tough ; it fuses with difficiilty and only at a very 
high temperature ; and rusts rapidly when ospiisod to the 
inflnoDce of a moist atmosphere containing carbonic acid. Its 
strength imder tension and under compression is very nearly 
equal. The characteristic texture is fibrous, and this will 
generally be exhibiteii by fracture. The apiiearance may, how- 
ever, be crystalline if the piece bo broken by a suddon blow. 

" Puddled bar " is the first kiad produced in the manufacture. 
By repetitious of the process of cutting, piling, reheating, and 
roiling are obtained successively the descriptions of wrought 
iron known commercially as " merchant bar," " best," " double- 
best,'' and " treble-best " ; and, as it is thus gradually improved 
iu quality, it is made suitable for rails, ship-plates, boiler- 
plate, forgings, &c. 

7. — Steel or Ingot Iron. 
Steel, or more precisely " ingot iron," diflers from malleable 
ron in that it ia produced in a state of fusion, and from cast 
iron in that the ingot formed by the cast metal is malleable. 

This statement affords perhaps a better differentiation of 
iugot iron from both cast and malleable iron than any which 
involves reference to its composition, or attempts to describe 
more particularly its special qualities. For the proportion of 
carbon, which it contains in a, combined or dissolved state, may 
vary from 0-1 to 1'25 per cent., while in its character it also 
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Tariea greatly, tlie mililer kinds of steQl resembling roalleablo 
iron in many respects. 

Tha cliaraoteriatic fracture of eteel is bright and crystalline ; 
but, wlien ruptured gradually, a mild steel may osbibit u 
fibrous fracture. 

Tlie milder kinds of etoel, containing least carbon, resemble 
wrought iaroa in toughnsBs, tensile strength, aud weldability. 
The biirder kinds are particularly capable of being hardened 
and tempered by heating aad rapid oooling. 

Steel is malleable aod forgeable, but should be wrought at a 
lower temperature nad treated more carefully than malleable 
iron. It is more fusible, but steel castings are rough, porous, 
and generally require to bo forged. 

8.— Impurities in Iron. 

" Cold ahortnesa " — or hrittleaesa when cold- — ia commonly 
due to the presence of silicon, phosphonis, or arsenic; "red 
BfaortneBB " — or brittleneas at a red beat— to sulphur, calcium, 
copper, and other impurities. 

Ffaoaphorus greatly reduces the tensile strength ; bnt its 
bardening eS'ect, and the increased fluidity which it induces in 
the molten metal are of advantage in light castings where 
great etreugth is not rociuired. 

Silicon, like carbon, ufl'ects the ductility of the metal, and 
makes pig iron weak, hard, and brittle. 

9.— Preparation of Iron Ores. 

Tho ore, if it contains much pyrites or ahale, is broken up 
and weatiiered for three or four months, or even for a much 
longer period. It ia then roasted in a kiln in order to expel 
&am it, aa much as possible, water, aulphur, and arsenic, and to 
render the ore porous. 

10. — Reduction in the Blast Furnace. 

The modem furnace is a huge verticnl wrought-iron cylinder 

^iiiad with brickwork. From tho throat to rather bolow tho 
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middle, the stack or body of tho chamber gradnaily bellies ont. 
From here it contracte more rapidly in tho boshes down to the 
hearth. At the bottom of tbo hearth is the tap-hole, which, 
wliile the furnace is working, is plugged with clay ; the sides 
of the hearth are pierced to receivo from three to sis tuyeres, 
throngh which the hot blast ie supplied from the main. 

Once lit, the £res of the furnace may not be extinguished for 
years, chargos of coke, lime, and ore being added frum time to 
time through the throat. 

In its gradual descent the ore is heated, reduced, and decora- 
posed ; water and carbonic acid are given off ; carbonic oxide, 
hydrogen, and hydrocarbon gases deoxidize tbe ore ; and the 
time, which acts as a flux, combines with the silica of the ore 
and forms elag. 

The reduced iron now takes up a certain amount of carbon 
and some impurities aa well ; the metal fuEes ; the furnace 
having been tapped, the lighter slag flows off at a higher level ; 
and tho impure iron is either run into " pigs," whence it is 
known as pig iron, or the molten metal is carried at once in 
travelling ladles to the Bessemer converters to be made into 

As the temperature is higher or lower, and the quantity of 
fuel greater or less, the pig iron produced varies between tbe 
greyer and the whiter descriptions. 



11. — Castings. 

No. 1 is only used for small castings in which fineness, rather 
than strength is desired. For larger caatiugs the greater hard- 
ness, strength, and toughness required, are obtained with No. 
2 or 3, or a mixture of these ; indeed, mixtures mn more 
solid, and give better results. 

The pigs are broken up and melted in a cupola furnace, 
charges of coke, iron, and limestone, being added as required, 
and a blast supplied by fans or blowers. When the furnace is 
tapped, tbe molten metal is caught in a ladle, poured into sand 
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moolds, nnd allowed to cool gmdually. The conlmctlon in 
cooliDg is about one per cent, in linear dimension, and allowance 
mnst bo made in moulding accordingly. 

In a epecifioatiou of custicoa sleepers, it is not uauul to pre- 
scribe what kind, or mixture of pig iron, aball be used, but to lay 
down certain testB. Tbos, for Indian State Railway sleepers a 
cast-iron bar 2 inches deep, aad 1 inch broad, placed on bearings 
3 feet apart must bear, without breaking, a weight of IJ tons 
BUBpended at the eeotro, i, e. th.e modulus of rupture must net 
be lesH than 3-375 tons. 

Special castings, such as railway crossings, ore " chill-cast " 
in moulds which are wholly or partly metallic, and by this 
meaits a hard skin is given to surfaces exposed to much wear. 

12.— The " Puddling Prooesa." 

Mjftlleable iron ia produced by melting and "paddling" pig 
iron in a reverberatory furnace, the hearth of which ia covered 
with broken slag, and the whole of the interior lined or 
" fettled " with a mortar composed of ground red hasmatite or 
some cheaper sabstituta 

White pig iron is preferred, and the charge (about 4 or 
4^ cwt) having been introduced, more coal is added, the 
ftimace closed, and the heat raised. 

In the " melting-down" stage the pigs, as the metal softens, 
are tnmed over with a long iron rod ; silicon is partly separated, 
and grey pig is converted into white — graphitic carbon changing 
to the condition of combined or dissolved carbon. 

In the neit stage, during which the damper is lowered, and 
the temperature allowed to fall, tbo puddler mixes the charge 
with basic slags which are thrown in. 

Dnring the third stage the beat is again raised ; carbonic 
oxide is freely given off in spirts of blue flame, and tha metal 
is said to " boih" As the puddler works the mass vigorously 
with his rabble, most of the carbon, silicon, jihosphorus, and 
uiese are exposed to oxidation and thus separated. 
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The " boiling " now Gubsidoa ; tbo sinking maBH becomes 
paety ; and granules of infosible iron begin to " come to nature." 
These, daring the " balling atage," are jvorked into bulla by 
the puddler, and drawn towards the Sre-bridge, the cinder 
falling to the bottom of the hearth. 



13. — Manufacture of various Sections of Wrought 
Iron. 

The balls, having been taken oat of the furnace, are welded 
under the shingling haumierB, by which the sing ie pressed out, 
and the mass consolidated. 

While still hot, those " blooms " are passed through the 
" puddling " or •' roughing " rolls, and the iron is then known 
as No. 1 or " puddled bar." 

By repetitions of the process of cutting, stacking, reheating, 
aijd nilling the particular qualities of malleable iron required 
fi>r rails, ship and boilec plates, forgings, &c., are successively 
obtained. 

Tlie proper section of plates, angles, tees, rails, &c., is finally 
acqnirod in the " finishing rolls." 

For rails the stacks or piles are made np of puddled bars 
ceTcrod above and below with slabs of hanl hammered iron, 
which after rolling, encloses tho heads of the rails, and thas 
forms a good wearing surface. 

Not only, however, are steel rails far superior to iron rails, 
but actually aheaper, so that steel has practically superseded 
iron in this as well as many other manufactures. 



14.— Manufacture of Steel.— The Cementation 

Process. 

"Ulistcr steel" is produced by embedding wrought-iron bars 

in carbon and raising them, wliile protected from tho influence 

of air, to a long-continued wiiite heat. They thus become 
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impregnated with a certain amount of carbon, but more 
particularly on the surface. 

To obtain greater uniformity these bars are sheared, packed 
in faggots, raised to welding heat, and hammered or rolled again 
into bars, which are known as " shear steel " ; and " double 
shear steel " is the result of repeating this treatment. 

A more truly homogeneous steel is produced by melting 
blister steel in crucibles with the addition of manganese or 
spiegeleisen. 

Shear and crucible steel are principally used for making 
cutting tools. It remains to describe more in detail the 
Bessemer, Basic, and Siemens-Martin processes, by which steel 
is now manufactured, possessing almost any desired gradation 
of qualities, at a comparatively cheap cost and in enormous 
quantities. 

15. — The Bessemer Process. 

Bessemer steel is obtained by the partial decarburization of 
pig iron — a grey pig iron being preferred, reduced from haama- 
tite ore and practically free from phosphorus or sulphur. Tho 
molten metal is carried in travelling ladles from the blast 
furnace to the Bessemer converters. 

These are huge wrought-iron retorts, swung on trunnions, 
and having a capacity of from 8 to 10 tons. The bottom is 
removable, and fitted with perforated cylinders of fire-clay, 
through which the blast is introduced. The interior is lined 
with ganister, or with fire-brick laid in ganister mortar. 

A wood fire is first lit inside the converter, and blasted out 
when the lining has become red-hot. 

The converter is then swung down to receive its charge of 
molten pig iron, again raised, and the blast turned on. In 
about twenty minutes the charge is reduced to a state of almost 
pure iron. 

Once more the converter is swung down, in order to receive 
the charge of molten " spiegeleisen," or ferro-manganese^ which 
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flows from a cupolft closo by, and ia required to give the proper 
admixturo of cai'bon and mangnnoEe. 

After a iew minutes tlio slag is partially run off, and the 
molten steol poured into a ladle. In tlie bottom of the ladle is 
a hole, whence the fluid metal flows (when the plug is lifted) 
into the ill got -moulds, most of the slag and other floating 
impurititB being left behind, 

Tiie steel baying solidified, the moulds are lifted off and the 
ingote removed to be re-heated and passed tiirough the 
" cogging rolls," 

16. — The "Basic" or Bepbospborization Process. 

The acid or silicious slag produced in tbo Bessemer proCESS 
has no affinity for phosphorus, so thot this impurity cannot be 
eliminated. Now steel containing as much as 0-2 per cent, of 
phosphorus with a very low percentage of carhon would be 
utterly UQfit for rails. It was not cntil Messrs. Gilchrist and 
Thomas introduced the " basic " process, in which the ganistor 
lining is replaced by ono of a strongly basic character, that it 
was possihle to dcphospiiorize ores which could not be utilized 
in the Bessemer process. 

The basic lining is usually prepared with dolomite, which is 
either burnt, ground, and applied with tar, or made into bricks 
and laid with tar. 

Before iutroducing the molten pig iron and slag about 15 or 
20 per cent, of burnt lime is thrown in, and with this a basic 
slag is formed which eliminntes the phosphorus, 

Tho blow lasts somewhat longer than in the Bessemer 
process ; and it is during the " aftet-blow," when a very 
high temperature has been reached, that tbe oxidation of the 
phosphornB takes place, the carbon having been previously 
separated. 

The ferro-manganese or speigoleisen is added and the 
operation continued as in tbe Bessemer process. 

A very ductile steel may thus be obtained, but it does not 
generuMy ozbibit so great a tensile strength as Bessemer stoel. 
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17. — The BiemenB-Martin Process, 

Tho Siemens open-Iiearth Bt eel-melting furnace is employed 
in this process. Below tLe hearth are tho regenerators — two 
cbamberB filled with a cheiiiier-nork of firebrick. 

A gas rick in hydrocarbons is generated from bitumiuDiis 
cool and other fuel in a separate apparatus and conveyed by 
maiDB aud culverts to one of the regenerators. Hero it abKorbs 
the waste heat and, passing through, reaches the hearth of tho 
furnace, where it mingles with the air which is necesBary for 
its combustion, and which has been similarly heated during its 
passage through the other rcgonerator. 

The charge consists generally of grey hjematite pig, which 
j« first thrown on the hearth, and of four or five times as much 
wrought iron or steel scrap, old rails, Ac The scrap melts in 
th(3 more easily fused pig-iron, while the oxidizing flames play 
upon the whole mass all the while. After three or four hours 
samples are taken out and tested from time to time, and, when 
a satisfactory test-result has been obtained, about 1 per cent. 
of spiegeleisen is introdacod and thoroughly raised with the 
molten mass. 

The fluid metal is then tapped, caught in a travelling ladle, 
and cast into moulds. 

The marked odvantngos of this process are economy of fuel 
uid the utilization of etoel scrap. 

18. — Steel for Rails and Sleepers, 

The varying qualities of steel depoud to a groat extent upon 
the proportions of hardening ingredients — carbon, silicon, and 
manganese. 

While manganese tends to lesBon tho red-shortness due to 
phosphorus, the alloy of manganoao and iron renders the steel 
more liable to rust. The proportion of mangaueso should bo 
lower thereforo^its presence boing less desirable — when the 
percentage of pltosphoros and silicon is insignificant, 
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For rails a moderately Lord Bteel is preferred, — oontaining 
not less than 0'3, nor more tlian 0'45 per cent, of carbon; 
not more tlinn 0'06 per cent, of either silicon, phoephorns, or 
aulphur ; and, besides these, no other ingredient except man- 
gait ese and iron. 

For sleepera, a milder steel, containing leaa carbon and man- 
gftneae, is required. The proportion of carbon should not 
exceed ■ 14 per cent., and sleeper-steel should be able to bear 
a tenaional strain of between 26 and 30 tons per square inch, 
with a contraction of 30 per cent, of the original area at the 
point of fracture. 

The following analyses of Btoel for rails, sleepers, and ship- 
plates may be given for purposes of general comparison ; but 
it must be observed that test-resolts are more significant of the 
aaitabilitj of a steel for a particular use than its composition 
as determined by chomicBl analysis, for there may be consider- 
able difForcnces in the compositiou of steels equally adapted for 
certain requirements : — 
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19. — Manufacture of Steel Rails. 

The ingot, ha-ring been reheated, is first passed through the 

" cogging" or " blooming rolls " ; the ends sheared off; and it 




is divided, if necessary, either by shoaring or under the steam 
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hammer, into "blooms." The blooms, heated to redness, are 
then passed through the " roughing rolls," and lastly through 
the " finishing rolls." 

While still hot, the long rail-piece is carried along live 
rollers and cut into the proper lengths by a circular saw. 

When cool, the rails are straightened ; the lengths checked, 
and, if necessary, corrected ; and the holes are drilled. 

The rails are then stacked for inspection. 



20. — Inspection of Steel Rails. 

The inspector is assisted by two or more men, who apply the 
gauge to every rail in each tier in order to check the lengths, 
and turn the rails over with nippers, so that he may examine 
them on every side and see whether there are any splits, cracks, 
cinder, or other defects. 

Some must be rejected altogether ; but those which are more 
than one-eighth of an inch too short, or exhibit flaws near the 
ends, may be marked to be cut. 

When all the rails in one tier have been overhauled, the 
inspector looks along each one and marks those which require 
to be straightened. He should also apply templates, in order 
to test the section of the rail and the size and pitch of the fish- 
bolt holes. 

While that tier of rails is being removed the inspector pro- 
ceeds to examine the top tier of another stack. 

Lastly, the inspector may have a few rails weighed, in order 
to compare the actual with the specified weight per yard. 

21.— Testing Rails. 

The composition and qualities of rail-steel are proved by : — 
Chemical analysis ; direct tensile test ; the dead load tost ; and 
the falling weight test. 

The results of a chemical analysis of a rail-steel, as compared 
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with that of steel for sleopera and ship plates, have been given 
in Article 18. 

At the ead of the book are given examples of an inBpection 
report, with details of the dead load and falling weight tests 
applied to certain of the rails inspected. For the purpose of 
comparison, moreover, the results of tensile tests applied to 
pieces of mils and sleepers are shown in another table. 

The direct tensile teat is applied in a testing machine of 
either the hydraulic or lever typo. A toat-piece of a certain 
diameter, having been turned out of the head of a rail, is 
subjected to a gradually increasing tousile strain until it is 
toru asunder. The breaWing strain, the difference between the 
original and fractured areas of section, and the elongation or 
differenoe in length betireen two marks on the bar before and 
after rupture are then recorded. The tensile strength is thus 
measured, and the ductility of the sample is indicated by the 
ooutractiuu and elongation. A rail-steel should be able to 
bear a tensile strain of from SO to 33 tons per siiuare inch. 

The dead load or lever test is also applied in the testing 
machine. A piece of rail, resting on bearings a certain 
distance apart, is subjected to a gradually increasing load or 
proBsure, aud tlie temporary deflection is measured from time to 
time antil a permanent sot takes place. The deflection indicates 
the elasticity of tljo metal until the limit of elasticity is 
reached, after ivhich the test may be continued nntil tho 
breaking weight finally determines the transverse strongth of 
the mil, while the deflection which the rail will bear up to 
rupture shows the ductility of the metal. 

The falling weight test consists in lotting fall a certain 
weight from a certain height upon a wliole rail or crop-end 
supported on bearings a certain distance apart. For tho lud lau 
State Railway flat-footed 62 lb. steel mil, the weight, fall, and 
bearing were 1 ton, 15 feet, and 3 feet respectively; and the 
rail wos to bear two such blu'.va without showing tlie least 
sign of fracture. For the wiL'tre gauge flat-footed 41J lb. steel 
rail, the weight of the monkey, the fall, and the bearing are 
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J ton, 15 feet, and 3 feet. Tho deflection after each blow is 
measured and recorded. 

Of all these teets the last is oonsiderodf by Meaera. Sanborg 
& SneluB to be the most sigiiifieaut atiJ important. It trios the 
metal suddenly and severely, as it is tried in actual nae, and 
tells at ouce whether tho steel is too soft or too hard. 

The rcBulta of a tensile test applied to a piece cut from 
the head of a rail, and to a piece turned out of the web 
or lower flange would probably show that tho tensile strengtli 
differs over different parts of the section. Moreover, as Mr. B. 
Baker pointed out, the tensile and dead load teats in themselves 
are not such aa provo tho cnpability of the rail to stand the 
strain of loads applied not only instantaneously, but, ao to speak, 
by ahoeka and blows. 

22.— Forms of Rails. 

There are three fomia of rails in common use— the" Vignolos" 
or 6at-footed, the doiible-hoadod, and the bull-headed. 

Those are all modifications of the I aection, a form suggested 
by the work nbich a rail has to do, considered simply as a 
girder. 

Tho edges of the upper table must, however, be rounded to 
BTiit the wheel-tires [ allowance must bo made for wearing 
down ; and tts niass of the head is distributod rather in depth 
than in width. In the lower flange of " Vignoles " rails the 
width and flatness are retained. 

The fishing angle should be as small as possible; in other 
words, the slopea of tho upi^r and lower shoulders ahould be 
as flat as they can be roUed conveniently, in order to increase 
tho direct sopport of the fish-plates and diminish tho strain on 
the bolts. Sometimes the width acroas tho ahonldera ia greater 
than that across the top of tho rail, with intention to prevent 
slockouing of gauge as the rail gets worn and to leason the 
action on tho whcebtires on curves. 

The projiortions of tho rail ought to be such as to allow tho 
rolltid rail to cool evenly. Finally, rogiird not merely to wear. 
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bat to the jars and BLoekg to which a rnil in subjected by beftvy 
ti-aina oBoiUating and pounding over it, doraandB a thicker web 
and a far hesTier section thronghout than would be necessary 
from our primary consideration of the rail as a siraplo girder. 
The proportions of weight in the head, wob, and flange of 
Mr. Sandbcrg's "New Goliath Kail" are 45-5, 22, and 32-5 
per cent. reapectiToly. The head is not so deep as in the older 
pattern, but is wider. The interior wears so much more rapidly 
than the surface motal, that a deep head is loss economical tbaa 
a wide one which offers a larger surface of contact between the 
tire and the rail. At the same time it gives that better bearing 
for the fish-plate which, in the American typo, was obtained by 
sloping out the sides of the hoad to make tlio shoulders broader 
than the upper table. The American form is also intended to 
prevent shckening of gauge as the rail gets worn, but it 
certainly increases the friction on the wheel-flangcs as well. 

If the rail ia to be reversible, the lower flange must be 
exactly the same as the upper, and no thus obtain the double- 
headed rail, which does not rest directly upon wood sleepers, 
but rcf^uircs the intermediate support of cast-iron chairs. 

Again, the lower table, resting on the seat of the chair, 
frequently beconies so dented that it ia scarcely aervieeahle 
when reversed. The form of the double-headed rail may be 
more or less retained with, however, a lighter lower flange, 
and thns the bult-heaJed section is developed. This enables 
us to retain also the chair, which affords the more ef&cient 
lateral support ret^uii'ed to stand the shocks of heavy and rapid 
traffic. 

23. — Manufacture of Steel Sleepers. 
The steel sleeper, recently adopted on Indian State Railways 
is trough-shaped, the ends as well as the sides being turned 
down to hold the packing. The top is strengthened by a 
thicker longitudinal strip, 4^ inches wide, running along the 
midiUe, from end to end. Two lugs or clips are stamped oat 
oi the top of the sleeper on each side of the rail-seat; one of 
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these grips the flange of the rail on one side, while on the 
other side a steel key is driven between the rail and the clip, 
so that the foot of the rail is firmly held by the clips and 
key. Slack gauge on curves may be given by driving one or 
both of the keys on the inside instead of the outside. 

The plates are reheated, shaped in a powerful press, and the 
clips stamped out. At the same time a tilt of 1 in 20 is given 
to the rail-seat. It is important to press all the sleepers at 
very nearly the same heat, in order that there may be no 
sensible difference of gauge. When cold the sleepers are 
dipped in a bath of tar. Instead of being rolled first in fiat 
plates, the steel may at once acquire the trough section in the 
mills, and then be pressed in the die as in the former case. 

There must be no burrs on the clips — or the key will not 
drive fairly — and the plates must be free from corrugations. 

24. — Testing Steel Sleepers. 

The sleepers having been laid out on benches, the inspector 
selects a few, has rails fitted on them and keyed up, and tests 
the gauge. He has a certain number fiattened out under the 
steam hammer, when fiaws in the shoulders may be detected ; 
and the clips are tested by being doubled back. Should there 
be more than • 14 per cent, of carbon in the steel, the clips 
will fail under this test. Samples are also cut out of selected 
sleepers and subjected to tensile strain in the testing machine ; 
examples of this test are given at the end of the book. 

25. — Manufacture of Fish-plates. 

The fish-plates are rolled in the mills, cut to the required 
lengths, punched hot or drilled cold, and straightened in a 
press. The ends are filed to remove burrs left by the saw or 
shears, and the plates, having been dipped in drying oil, are 
secured together in bundles of twelve. 

Rails, especially if made of wrought iron, tend to split or 
spread at the ends, which wear down as the (so to speak) 
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unsupported particles on the edge slip away. To afford a 
stiffer joint and prevent this sinking and flattening of the ends 
of the rails, therefore, such forms as the angle or the double-deep 
fish-plate are sometimes adopted. The ordinary fish-plate has 
only about one-third the strength of the rail section. 

In order to hold the heads of the bolts, while the wrench-man 
is screwing them up, the fish-plates are indented so that the 
bolts cannot slip ; or the neck of the bolt is made square or 
oval, to fit holes of the same shape in one of the fish-plates. 

26.— Testing Fish-plates. 

The section of the fish-plate and the size and pitch of the 
bolt-holes are tested by templates; test pieces are subjected 
to tensile strain in the testing machine ; and selected plates are 
bent to a right or more acute angle on the anvil, in order to 
prove that they will boar this treatment without tearing. 

27. — Chairs. 

Cast-iron bowl or pot sleepers are so designed as to form a 
combined sleeper and chair for double-headed or bull-headed 
rails, but with wood sleepers the intermediate support of a 
cast-iron chair is required. The rail generally rests on a seat, 
and fits tightly against one jaw when the key, which is usually 
of pressed oak, is driven between the rail and the other jaw. 

It is found that the lower tables of double-headed rails are 
often so chair-marked that it is useless to reverse them ; and 
accordingly in one form of chair the head is suspended in the 
jaws, the lower table of the rail not touching the chair. In 
this case, however, the blow of a passing train is not transmitted 
to the rigid chair through the more elastic medium of the whole 
section, but only through the head, and this loss of cushion is a 
disadvantage affecting both the rail and chair. A better remedy 
is a broader chair scat. 

Pressed wooden keys cannot be expected to last more than 
five years, especially in a country where the hygrometric chancres 
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are so rapid as in India. Spiral metal keys are sometimes used, 
but it may still be said that no efficient substitute for the 
pressed wood key has yet been discovered. 

28.— Fastenings. 

The rail or chair is fastened down to the wood sleeper by 
spikes, coach-screws, or fang-bolts and clips. 

Chairs may be fixed to the sleeper with round spikes. 

Fang-bolts are liable to work loose. The thread rusts ; and 
in screwing up, the bolt may break, or, if the wood be soft, the 
fang loses its grip, and the fang-bolt is merely turned round 
uselessly in its hole. Coach-screws are better, but they also 
rust in the thread and work loose. 

The rectangular dog-spike, with bearing-plates either through- 
out or at the joint-sleepers only (except on bridges and curves), 
makes an excellent fastening for the flat-footed rail on wooden 
sleepers. 

29.— Wood Sleepers. 

Hard wood is preferred. Sleepers should consist of thoroughly 
sound and seasoned wood, as free as possible from sapwood, 
large or loose knots, shakes, cracks, or defects of any kind. 

Fir and pine are in Europe the most abundant and common 
material, oak being far superior to either, but correspondingly 
expensive. In India, deodar is generally used for the ordinary 
road, and sal or teak for bridge and crossing sleepers ; creosoted 
pine is imported, however, from Europe, and may be actually 
cheaper than deodar within a certain distance from the port of 
landing. 

There are several processes by which railway sleepers may 
be more or lees preserved. The efficiency of the " kyanizing 
process " is doubtful, as the corrosive sublimate is liable to be 
washed oat by excessive moisture. " Burnett's process " is 
open to the same objection when the chloride of zinc solution 
is weak enough not to affect the strength of the wood. In 
France ** Bouchorie's (sulphate of copper) process " has been 
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largely used; while in England sleeper wood is generally 
creosoted. Ordinary sleepers of deodar and other indigenous 
woods last fairly well in India, if the climate be a dry one, 
without any protection at all ; but it is usual to cover bridge- 
sleepers of teak or sdl with tar. 

The sleepers are generally arranged transversely. In section 
they may either be half-round or rectangular, the latter as a 
rule. If the rail be bull- or double-headed, the inward tilt of 
the rail is given by the peculiar form of the chair, and that 
portion of the sleeper on which the chair rests is merely truly 
planed ; but where the flat-footed rail rests directly upon it, 
the sleeper is adzed to an inward slope of 1 in 20, so that the 
rail has a corresponding cant of 1 in 20 from the vertical 
inwards. 

If the sleepers are arranged longitudinally, as is still the 
case on a few railways, they are connected by transoms and 
bolts at intervals. 

30. — Points and Crossings. 

The object of points and crossings is to pass trains from one 
line of metals to another. 

The points or switches are short, tapering steel rails, so 
adjusted to their respective stock-rails that when one switch is 
pressed against its stock-rail the other is drawn away, and thus 
one line of metals or the other is made continuous. 

At the intersection of the inner rails of the two tracks a 
crossing is placed, and the rails diverge in front of the nose of 
tbe crossing, so as to act as guard-rails and at the same time 
leave a gap for the train to cross on either line. Guard-rails 
are also litted to the outer rails opposite to the crossing. 

The heel of the switch either rests in a double heel-chair, or 
is fished to the adjoining rail and stock-rail (with a wedge 
between), in such a way as to allow the switch to pivot with 
sufficient freedom on the heel. The switches are held rigidly 
together by two connecting rods, to one of which the point-rod 
is attached ; this leads to a bell-crank connected with a counter- 
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weighted lever by turning over wliich the switches are moved 
one way or the other on the slide-chairs ; and as the switches 
are not fastened to the latter but merely rest on them, they 
require the lateral support of studs which are passed through 
the stock-rails at intervals and, pressing against the web of the 
switches, prevent the latter from bending in when a train is 
going over them. 

Switches or tongue-rails are made of ordinary steel rails, 
selected and machined. 

The following is the complement for a pair of switch and 
stock rails, flat-footed, metre gauge : — 

2 tongue-rails. 

2 stock-rails. 

12 slide-chairs, with stud-bolts and cotters. 

2 connecting rods. 

1 lever-rod or point-rod. 

1 counterweighted lever and crank. ' 

2 stock-wedges. 
8 bolts for ditto. 

For double-headed switch and stock-rails, 6' 6" gauge, the 
following is the complement of parts : — 
2 tongue-rails. 
2 stock-rails. 
2 toe chairs. 
6 slide chairs, No. 1. 
2 9) ), 2. 

2 heel chairs, No. 3. 
2 „ „ 4. 

6 slide chair bolts and nuts or cotters. 

1 throw-over lever. 

2 connecting rods. 

1 hook rod with bolt and pins. 

The points should be fitted with a locking-bolt, lock, and key. 

Crossings are frequently made of cast steel in one solid piece 

with the wings, and so formed that the upper and lower sides 
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^^^^^hro similar and tlie crosaiug ie reversible. Built-up crossings, 
^^^^^Bowever, of ordinoiy steel rails, solected, mucbiued, oad fitted 
^^^^WDgether are tunob better aud mncb obeaper. 

I baBi 
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—Steel versus Wrought and Caat Iron as a 
Permanent Way Material. 



The auperiority of steel to iron as a coiistrnctive material is 
baBed upon tbe bigber limit of elasticity, greater ultimate 
tensile streBgtb, aud greater ductility wbtcb it possrasos. On 
tbe otber bond, it corrodes more rapidly uuder adverse atmos- 
pheric conditions, and most rigid coie aud superrision. are 
required in its manufacture to prevent brittleuess and ensure 
tougbnesB. 

Ws must look for otber qualities, however, in tbe case of 
rails ; and bere tbe superseBsion of iron by steol is principally 
due to tbe bomogeucity aud ability to withstand heavy moving 
loads without being crusbod, abraded, or laminated, wbicb dis- 
tingnisb tbe latter material. Tbe life of a steel raQ is very 
probably twice as long as that of an iron raiL 

Stocl castings are much moro expensive than iron. They 
require to be annealed; the moulds are more costly, the 
melting-point being so much higher ; there are more dead-beado ; 
tbe castings are rougher ; they ore more liable to contain blow- 
boles ; and they require to be forged. For cast sleepers and 
chairs, therefore, iron is preferred. The comparative merits of 
rolled and pressed steel sleepers, of caat-iron sleepers, and of 
wooden sleepers, will be dealt with further on, 

32. — Double-headed, Bull-headed, and Flat-footed 
Rails compared. 

Tbe strong lateral support afforded by chairs leads at once 
to tbe adoption either of double-headed or bull-headed rails 
wherever tbe permanent way bas to oarry heavy loads moving 
at great speed, 
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In India, however, and on the Continent, where the speed 
and oscillation of trains are not so great, the flat-footed rail 
held down by dog-spikes, with or without bearing-plates, is 
generally equal to all requirements. Held by lugs and keys 
in one or other of the forms of pressed steel sleepers recently 
adopted, the flat-footed rail is as securely fastened as one can 
d«sire. 

On most English railways the bull-headed rail in chairs has 
found favour. The reversibility of the double-headed rail is 
held to be of doubtful advantage, because the lower table is 
liable to corrode in brackish soil, and is frequently so dented 
by the chair that the rail, when inverted, is at its best only 
fit for sidings. Moreover, the tensional strain to which it has 
been subjected for years as the lower tabl<3, makes that part of 
the rail less able to bear the compressive strain which it suflers 
as an upper table when the rail has been inverted, and it fails 
rapidly. 

The first objection has been met with but indifferent success 
by suspending the head of the rail in ihe jaws of the chairs, 
for in this case the shock of heavy trains is concentrated on 
the head of the rail only, instead of being distributed through 
the whole mass of the rail. The only effectual prevention of 
ehair-marking is good keying, firm packing, and a clean chair- 
aeat. If these are ensured, the economy of a double-headed 
rail, with four edges to wear out, seems to be clearly proved. 

In flat-footed rails with comparatively large heads — the thin 
foot and the compact head receive such different amounts of 
work in the rolls, and cool down when rolled at such different 
rates, that the interior of the head is liable to prove spongy — 
and the work of straightening the rail requires very special care. 

33. — Longitudinal and Transverse Wooden Sleepers 

compared. 

The longitudinal sleeper affords a continuous bearing, so 
that a lighter rail may be adopted. On a broad gauge road 
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tliis arrangement may actually require less timber than the 
transverse. The first cost, however, will generally be greater 
because the scantling is greater ; repairs are less easily made ; 
and the rail lies with the grain and cuts into the wood. 

The transverse arrangement is at once more convenient, more 
economical, and almost universally adopted. 

On abutments of bridges a longitudinal sleeper-frame may 
be introduced with advantage to carry trains easily and 
smoothly on to the girders. 

34. — Metal and Wooden Sleepers compared. 

Not only do wrought iron and steel corrode more rapidly 
than cast iron, but the result of this corrosion is more rapidly 
destructive to sleepers of those materials, the metal being much 
thinner. 

Wrought iron as a material for sleepers may be considered 
as discarded in favour of steel. 

The steel sleeper is still on its trial. The form adopted on 
Indian State Railways has already been described. Howard's 
pattern Las not long since been introduced on the Great 
Northern Railway of England with the 82 lb. bull-headed rail. 
It is trough- or rather channel-shaped, being open at the ends. 
Two tongues or lugs are cut out and pressed down, affording 
an elastic seat for the rail, which is secured by a wooden or 
metal key. We have, therefore, steel sleepers adapted for the 
flat-footed and others for the bull-headed (or double-headed) 
rail, and in each of these there are only three parts — the 
sleeper proper, and two keys. The fastening is at once simple 
and ef&cient. 

Whether steel slecjiers will stand the test of time in brackish 
soil remains to bo seen. The fact is, the rusting of metal 
sleepers generally has been, on the whole, exaggerated, and 
such preventives as galvanizing, steam oxidation, and oxide of 
lead are seldom required. Sleepers kept in reserve, or exposed 
to such adverse atmospheric conditions as are met with during 
carriage by sea, should, however, be tarred or painted. 
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Cast-iron pots have been known to last 25 or 30 years in 
India on a sandy soil, and in a very dry climate. In other 
parts, where the soil is clay, and the rainfall considerable, a 
pot road is difficult to maintain. 

The wrought-iron cross-ties, gibs, and cotters, which hold 
the cast-iron pots together, rust more rapidly, and are taken out 
and renewed with difficulty. 

Old cast-iron pots can be melted down and recast either into 
sleepers or chairs, while steel and wrought-iron scrap are 
practically useless in India. 

Some patterns are adapted to a key driven inside, with the 
idea that loose keys are then more easily detected by the 
inspector. This arrangement is obviously less convenient 
for the keyman, who is also engaged in screwing up loose fish- 
bolts on the outside of the rail. Moreover, the inside key is 
slackened by a passing train, whereas the outside key is 
tightened and forms an elastic cushion. 

The greater weight of metal sleepers, as compared with wood 
sleepers, is so far an advantage that it gives a solid and steady 
foundation, and is, on the other hand, a drawback, when the 
matter of long carriage has to be considered. 

Wood sleepers will no doubt hold their own where timber is 
plentiful and cheap. Yet it is significant that, in countries so 
rich in timber as Germany, Sweden, and Norway, the use of 
metal sleepers is increasing, chiefly, of course, to husband the 
forest resources. Timber aflfords an elastic support, and in 
station yards, where derailments are frequent, the damage 
caased by such accidents is far less than with metal sleepers. 
Laid in good clean kunker or stone ballast, deodar sleepers 
will last 12 or 15 years. 

On the whole, comparing metal with wood sleepers, it may 
be said that the average life of the former is twice as long ; 
that their first cost will not always be much greater ; that even 
when unserviceable, they have a certain value as scrap ; that 
with metal sleepers, the gauge is better kept ; that their 
maintenance is cheaper ; and finally that, after a year or two. 
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their renewals are more regular, whereas those of wood sleepers 
increase year by year, and arc generally most irregular. 

By way of illustration of the comparative first cost of four 
different classes of permanent way at Karachi (on the sea-board), 
and at Lahore (827 miles from the sea-port Karachi, but 
within easy reach by river of the hill-forests), the following 
figures may bo of interest : — 

Karachi. Lahore. 

R«. Kb. 

75 lb. F.F. steel rails, deodar sleepers, joiut 

bearing plates, and sjdkes 19,150 19,850 

75 lb. F.F. steel rails, pressed steel sleepers, 

and steel keys 20,180 22,880 

73 lb. B.H. steel rails, ca&t-iron pot sleepers, 

with ties, gibs, cotters, and pressed wood 

keys 20,450 23,850 

73 lb. B.H. steel rails, deodar sleepers, 

chairs, coach-screws, and protsed wood 

keys 21,720 22,730 

In regard to fastenings for metal sleepers, Sir Guilford 
Molesworth is in favour of vertical wedges of cast iron* 
Wrought-iron wedges rust and get jammed. Screws rust in 
the thread. Rivets work loose and rattle. 
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CHAPTEE 11. 
PLATELAYING. 

35.— Distribution of Workmen in Platelaying. 

The platelayiDg of a new line of railway cannot be com- 
menced until the banks and cuttings have been made np to 
tbe proper formation, tbe bridges completed (or temporary 
expedients arranged in tbeir place), and permanent way 
material collected at suitable depots. 

The operations connected with tbe platelaying may be 
divided into three :— 

(a) Conveyance of material to the working-point ; 

(5) Linking-in; and 

(c) Lifting, straightening, packing, and boxing. 

Accordingly, the supervisional and working staff must be 
regularly organized in three divisions : — 

(a) Material gangs ; 

(b) Linking-in gangs ; and 

(c) Lifting and packing gangs. 

36. — Number of Workmen. 

Whatever the number of men employed may be — and that 
must vary with circumstances and the speed with which the 
work has to be pushed on — ^it is essential that the men be 
thoroughly well organized and supervised ; every man should 
have certain work to do ; and there should be no over- 
crowding or confusion. 

Supposing that the material is brought up and laid out 
rapidly and continuously, the speed of platelaying is only 
limited finally by the time required to link two pairs of rails 
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together, and the numbers aad distribution of workmen depend 
upon this entirely. 

While it might take three minutes to link-in a pair of 
21-foet rails, a gang of ten men could not lift, pack, fill in, 
straighten, and box up the same length of road in less than 
fifteen minutes; and the faster the linking can be done the 
more men will be required to lift and pack within the same 
time. Although no exact proportions, therefore, can be fixed, 
it may be said generally that the material gangs and the lifting 
and packing gangs ought to bo at least three or four times as 
strong as the linking gang, if all the operations are to be 
carried on at an even rate. 

In platelaying the Kandahar Eailway — perhaps the smartest 
piece of work of the kind on record — the rails were linked 
together, when the work was thoroughly in hand, at the rate of 
two pairs per minute, whereas at first it took two minutes to 
link a pair. The average progress over 133^ miles was 
IJ mile per diem. 

Unless time is the chief consideration, however, great care 
and accuracy in laying a new track will be amply repaid by easier 
maintenance afterwards, and far longer life of material. The 
platelayer's chief object should be to lay the road in a work- 
manlike manner, rather than to rush it through. His rails 
should be straightened or curved as required, his sleepers laid 
square and properly spaced, the gauge exact, expansion care- 
fully allowed for, his bolts cleaned and oiled, and every pre- 
liminary arrangement made to ensure good platelaying. 

Referring to the actual platelaying only, the following, 

including bheesties, would probably be able to link-in and finish 

one-quarter of a mile of double-headed rails on cast-iron pot 

sleepers per diem, on the 5' 6" gauge : — 

Fixinp: tie-bars 5 

Linkinpj-in 65 

Fillinp: sand for lifting and packing up 65 

Lifting and packing 50 

Levelling sand and putting on a 3 in. top dressing of 
ballast 65 

250 
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For such a gang the following tools would be required : — 

Bars, lai:ge 20 

Bars, small 10 

Baskets 150 

Chisels (for splitting cotters) 5 

Hand hammers 5 

Keying hammers 5 

Lifting levers 2 

Phaoras 125 

Pot rammers 100 

61ing-hooks (and bamboos) 12 

Spirit level 1 

Stmight edge with height boards I 

Wooden beaters 20 

Wooden square 1 

Wrenches 4 

To link-in about half a mile per diem of metre gauge road, 
flat-footed 41^ lb. steel rails on deodar sleepers, the number 
and distribution of the workmen (including troUymen, 
bheesties, and artificers) might be as follows : — 

Mate in charge of trollies 1 

Trollymen with material trollies 24 

Rail-carriers 16 

Sleeper-carriers 40 

Mate in charge of carriers 1 

Men cleaning and oiling fisli-bolts 4 

Boys carrying fastenings, placing the spikes on the 

sleepers, &c 4 

Augermen, boring the sleepers and spiking . . . . 8 
Men assisting augermen, holding up the bleeper to the 

ndl with bars, &c ,, .. 8 

Wrenchmen, fishing the rails together 2 

Men assisting wrenchmen 4 

Mate in charge of linking 1 

Bheesties 2 

Carpenters, making tool handles, nicking the sleepers, 

&c S 

Blacksmith 1 

Hammerman 1 

120 
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Three material trollies will be enough if the lead does not 
exceed half a mile. The first, manned by eight trollymon, 
will be loaded with sleepers; the second, loaded with rails, 
will require ten troUymen ; and the third, carrying fastenings, 
six only. 

The linking gang enumerated above will be followed by a 
packing gang consisting of a mate, an assistant mate, and 
sixteen men. 

The mate will strengthen the road and lift the joint-sleepers ; 
after which the assistant mate will level the intermediate 
sleepers, and see that the road is properly packed. 

37. — Material Gangs. 

These are engaged in unloading the material from trains 
and loading it on carts or trollies; in again unloading the 
material and distributing it alongside the line ; and in clearing 
the line, as the working-point advances, of surplus material. 
The regular and continuous supply of material is, as already 
observed, of the first importance. 

38. — Linking-in Gangs. 

A portion of these will first of all be engaged in placing 
approximately in position the material which has already been 
delivered alongside by the material gangs, laying the sleepers 
and rails as nearly as possible in place, and putting the 
fastenings where they can be got at readily. 

ITie fish-bolts ought to be opened out, cleaned, and oiled 
before they are laid out for the wrenchmen. 

One line of rails should be linked and spiked first. The 
first party of wrenchmen half-fish the rails, adjusting for 
expansion; while the rest complete the fishing of the rail- 
joints. 

These are followed by the augormen, who gauge the rails, 
bore the sleepers, and spike the rails or chairs ; and are 
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assisted by levermen, wlio by means of crowbars or rail 
lifters hold up the sleeper to the rail while it is being spiked. 

The sleepers should be properly spaced by the mate, one 
rail being marked with chalk at the proper intervals, and 
these marks squared off on the other rail. 

The road is then roughly straightened, lifted, and packed. 

A clearer idea of the details of linking-in a new road will, 
perhaps, be obtained from the description of an actual day's 
work. 

Let us suppose that a quarter of a mile of 24-ft. fiat-footed 
iron rails on wood sleepers is to be taken out and replaced by 
80-ft. flat-footed steel rails of heavier section on steel trough 
sleepers. 

The new material has been carefully laid out on one side, so 
as to leave room for throwing out the old material on the other. 
Some of the rails had been sagged by careless handling or by 
being tipped up in short trucks, the ends of which could not be 
let down to allow the rails to lie flat. These have since been 
straightened in a portable rail-press, and all are now laid out in 
pairs, in two straight lines at the edge of the ballast, the ends 
not touching but having the proper clearance for expansion 
l)etween them — one-quarter of an inch or perhaps less — so that 
the new rails occupy the exact length required right along the 
line. On the slope of the embankment, opposite the centre of 
each pair of rails, lie the proper complement of steel sleepers, 
two pairs of fish-plates, and eight fish-bolts ; the boxes of steel 
keys have been placed in convenient positions; and all the 
tools have been arranged ready for use at the foot of the 
slope. 

The inspector has not more than 100 men, although he could 
find work for at least 250. He has to let a train pass at 9 . 30 a.m. 
before breaking the road, and must finish the job before 6 p.m. 

Meanwhile the men are engaged on the road which was 
renewed the day before. One mate and gang are rough- 
straightening; another mate and gang are finishing the straight- 
ening. One lifting gang is taking up the joints and middle ; 
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another is setting the road, putting a finishing top on it, and 
boxing up. The wrenchmon are tightening up the fish-bolts. 

Another gang is stripping the ballast from the road which is 
to be renewed to-day, removing all but two fish-bolts at each 
joint, chipping sleepers to rail-seat level so that the claw-bars 
may grip the heads of the spikes to be withdrawn, casing the 
spikes and splitting the fang-clips with a cold sett and heavy 
hammer. Boys are engaged in picking up the fastenings which 
have been taken out, oiling fish-bolts, chalk-marking the sleeper 
distances on the new rails, &c. At the end of the portion of 
road to be renewed are some 15 or 20 pieces of rail of different 
lengths, from which closers may be selected without having to 
cut and waste rails. The ends of these are already drilled to 
take the fish-bolts ; and if the closers are of various lengths 
from 4 inches to 7 feet, say, with two pairs of slotted fish-plates, 
most gaps may be closed without cutting long rails or pulling 
back the old road beyond. When such short pieces are dropped 
in and fish-plates with long slots used, precautions should 
of course be taken to strengthen weak joints by placing pieces 
of old sleepers under them, until they are removed in continuing 
the renewals the next day. 

After the last train has been cautiously passed over the 
partially dismantled road, the closers and specially made fish- 
plates (connecting the old and new rails) are removed and 
troUied to the further end, the remaining fish-bolts taken out, 
and the outer spikes drawn. 

The old rails are then pinched out, lifted off with the rail- 
nippers or tongs, and deposited on one side. 

The sleepers, which often stick on the old bed, are tipped up 
with light pinch-bars slipped under the spike-heads, or with 
picks the ends of which catch in the spike-holes. They may 
then be easily lifted by coolies and laid on the slope of the 
embankment, top side uppermost, so that the remaining spikes 
may be drawn at leisure. Of the spikes and fish-bolts perhaps 
70 per cent, may be recovered as serviceable. 

The new steel sleepers are then placed, and the right-hand 
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tuIb. The latter are first of all risted upon wooden blocks 
about 10 inchee Ligli, a pinch-bur being bald between the ends, 
to keep the expaneioa-clearance approiii mutely, while the rail 
IB lined in, and one end of the sleepers lifted and clipped on to 
the rail by tbe lugs. 

After the wooden blocliB have been removed, and the rail 
liM been dropped into place, u cluarance- wedge is inserted 
between the ends, and the rail driven cloee up. One of tbe 
aleeper-keys at each joint mast always bo driven befure tbe 
£Bb-pliitcs are fitted on, aa it cannot afterwards be driven 
from tbe fish-plate side. 

The opposite laila are then levered on to the aleepers, pinched 
into the lugs, and hammered home against the inner lugs, while 
a man at the end of euch sleeper levers it up to tbe rail. 

The wrenclimen now balf-titib the joints with two bolts (or 
even one only if there is much press for time) to hold tbe 
wedges in. They check the squareueas of the joints with a set- 
sqaare, and the ckaiance- wedges are allovitid to remain in 
until the fish-plates have been completely bulled up for a 
distance of eight or ten rail-lengtba abuad by the following 
wrench Dion. 

Tbe keys are then driven. Some of tbe Ings having poi'liaps 
got bent, it may be necessary to drive a chisel first and knock it 
out beforo tbe key can bo fitted. Tbe cbisol baa been so shaped 
that it will also servo as adrift for the fiab-bolts, Impracticaldu 
keys are at once picked out to be straightened, or to have the 
borrs chipped off with a chisel, but, as a rule, it is found that 
the keys drive easily without using the drift-hamm<T. 

It now only remains to pnt in the closers at tlio end of 
the reiaid tr.iok, and to pack and straighten the road before 
passing the tirst train over it. 



39.— Lifting and Packing Gangs. 

These will perfect tho oportttions of straightening, liftinfr, 

And pocking ; tbe first party stcaigliteniDg the road, aud lifting 
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and packing tbo joint sleepers; the secoud party levelling np 
the intermeditite sleepers, iiud pticking the I'oad snfQciontly to 
carry mnteriiil tritins over it at a speed of 15 or 20 miles lui 



40.— Duties of a Permanent Way Inspector. 

We now come to tlie matter of mnin ten unco, and tlie per- 
manent waj inspectur must remember that ho is personally 
responsible for the stute of the road. 

It should be his object to mnko the road b[ith safe and elastic ; 
to effect this as econouiically as possible ; and, iinly when he is 
sure that ho has a really good mad, to make it look like one. 

He must personally superintend renewals, utilizing his 
material to its utmost ; and either he or one of his sub-inepcc- 
tore should always be present when a rail is being renewed. 

The inspector has to keep an account of all material laid in 
the line, taken out and stacked, or received from stores and 
held in reserve for purposes of renewal. 

Ho should regularly and minutely txamine all bridgos and 
culverts, points and crusi^ings, signals, &c., so that he may be 
able to certify that they are in good order ; and he should see 
that (^ide drains and water-waya are cleared of long grass and 
rubbish. 

The inspector onght to trolly over the whole of his section 
fit least once in throe days, cacefally noting all bad rails and 
sleepers, loose or broken fastenings, and other defects, With 
this object, in boxing the ballast, spikes and other fastenings 
are to be left bare. He can best detect weak places and feel 
the quality of his road when travelling on the engine, and this 
he will frequently do, either going or returning. 

When he bus to take his trolly off to let a train pass, he 
should observe how the train affects tbo road, and will often 
thus detect weak joints and loose sleepers which woald other- 
wise escape bis notice. 

He will of course stop at each gang to give orders, and should 
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(iccasionnlly stay with tliera Borao time, direct their work, and 
see whether the mate imderBtands hie duties. 

When arranging for any special work, he shoald have a 
sample piece done, time the men, and thus judge the time 
required to complete it. 

His inspections should bo nude irregularly, so that the gangs 
may not know when to espect him. 

He ehonld report all accidents to the officials concerned, and 
bring to tlie notice of the assistant engineer any important or 
dangerons defect in the permanent way, bridges, &c. 

The inspector should get thoroaghly acquainted with his 
men, and knoiv exactly what each m^n can do. 

When a train is approaching, the gssgmen should form up 
on one aide of the line, ea that the inspector or engineer, if he 
is in the train, may see that all are present. 



41. — Datiea of a Sub-Inspector. 

It ia the duty of a sub-inspector to curry out the inspector's 
orders implicitly. He will have charge of a sub-section of line, 
and must be present whenever a rail ia being changed or heavy 
lifting being done, giving due notice and arranging danger 

He should alii'ays carry with him on tho trolly a supply of 
fog-signals, two large red flags, hand-lamps, spannora, two 
chisels, a hammer, a ratchot-bracc and bits, a gauge, and a 
telegram-book. 

42.— Maintenance Gangs. 

An average over the whole line of two men fincludiiij 
wrenchmen) on the metre gauge, or of three men on tho 5' {!'' 
gauge should be sufficient to maintain tho permanent way when 
once it has been got into working order. 

On the metre gauge a mate and gang could maintain at least 
miles; while, on the 3' 6" gauge, more men being 
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required together to handle the heavier material, a length of 
four or even five miles would not be too much, and would place 
twelve or fifteen men under the control of each mate. 

The head-quarters of the gang should be as nearly central as 
possible, and close to the line. 

43. — Duties of a Mate or Ganger. 

The mate has direct charge of all the ordinary work of 
maintenanca He has to take out and replace all defective 
material, to stack old material at a sufficient distance from the 
line, to patrol the line in time of danger from rain or any other 
cause, to watch the action of water-courses in flood, to see that 
signal and telegraph wires are not obstructed in any way, to 
keep all water-channels open and clear them of rubbish, to re- 
pair the fencing, to clean the working parts of points and 
signals, to take charge of all tools and materials in his 
length, &c. 

With a section of four or five miles the mate, if his head- 
quarters are fairly central, should generably be able to walk 
over his beat, half one day and half the other. He can scarcely 
do more than this, for the gang cannot be trusted to work by 
themselves, and his place is with them. 

When his line is in fair condition he should make his men 
work — week and week about— from one end or the other. 



44.— Duties of the Wrenchman or Keyman. 

The keyman is the mate's right-hand man, and generally 
able to take up his duties in his absenco. As a picked man he 
usually gets a little more pay than the rest of the gang. 

Starting early in the morning, the keyman should go over 
the whole of his beat— driving loose keys and spikes, tightening 
loose bolts, and replacing broken fastenings. He should then 
begin again at a certain point, and do a quarter of a mile or so 
thoroughly. 




PLATELA.T1NG, AND P0IST3 AND CROSSINGS. 



with hiia :— 

1 kej-liammer, G lb. or 7 lb. in weight 

1 large spauuor. 

1 sraolt e 

6 fiali-bolta and nuts. 

6 ■wooden keys. 

1 small band chisel. 

1 Bteol Bcraper for cleaning chai 

I a road of flat-footed rails on 
wrenchman would curry the following 

1 hammer, about 4 lb. in vsight, 

lall Iiond chisel. 
6 fish-bolts and nuts. 
C spikes. 



wooden sleepers, 



It is as much as he cau do to work through the whole beat 
properly, and he will seldom bo able to return to work with 
the gang. Indeed, the more he is kept to bis particular duties 
the better, instead of being encouraged to rush through his 
length and rejoin the others. If he goes through rapidly and 
carelessly, he will pass a good many loose keys, split others 
with a hurried stroke, and take little notice of loose bolts and 
broken fish-plates. 

He should bring all defects of the road to the notice of the mate. 
If the latter is otherwise engaged, the keyman may take a couple 
of men through with him, if necessary, to pack k 



45. — Platelayers' Tools. 

The following lists give the full complement of fools required 
(1) fur a gang consisting of one mate, one keyman, and eight 
men on a three-mile length, 5' G" gauge, B.-H. rails, and cost 
>ot sleepers ; and (2) for a, gang consiBting of one mate, 
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one keyman, and eleven men on a fonr-mile length, 5' 6" gauge, 
F.-F. rails, and wooden sleepers : — 



Tools and Appliances. 

Augers, i in. or -| in 

Baskets 

Beaters 

Book of railway regulations 
Glawbars and crowbars 

Cold chisel 

Flag signals 

Fog signals 

Gauge 

Hand hammer 

Hand lamps 

Jim Crow, or rail straightener 

Keying hammers 

Lifting lever 

Munj rope 

Phaoras 

Batchet brace and bits— .. 

Screw wrench 

Sighting boards 

Sling hooks 

Spanners 

Spiking hammers 

Spirit level 

Steps, or inch boards .. 

Straightedge 

W.L punners 



B.H. Rails and 
Pot Sleepers. 


F.F. Bails and 
Wooden Sleepers. 


— 


2 


8 


11 


2 


11 


1 


1 


6 


8 


1 


1 


2 sets 


2 sets 


12 


12 


1 


1 


1 


— 


2 


2 


1 


1 


2 


— 


1 


1 


100 feet 


100 feet 


8 


11 


1 


1 


1 


1 


2 


2 


2 


2 


2 


2 


— 


2 


1 


1 


2 


2 


1 


1 


8 


^^ 



The tools should be collected and counted by the mate every 
night, and kept in a locked tool-box. 

, It is scarcely necessary to say that gauges are apt to wear loose, 
and should be tested every two or three months by the inspector. 
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A abort steel -pointed chieel-bur — or " tommy-bar " — in a 
useful tool, and very handy for turning over rails wten 
loading, uuIoiidiDg, or sbiftiug thorn. For lifting and carrying 
rails a sort of plncors, gripping tlie head of the rati and Laving 
horizontal handles, will he particularly useful in platelaying. 
With sis such nippers, twelve man will pick up or lay down 
ft 30-ft. 75-lb. rail both quickly aud gently, and carry it 
with the greatest ease. While the uunecesstiry multiplication 
of tools is to ba avoided, no tool need be regarded as 
BUperfluoiiB which envea time and labour, and enables the 
workmen to handle material more easily and less roughly. 

46. — MEbintenance of Rails. 

When one edge of the head of a raQ is worn, the rail may 
be turned end for end in its place, or shifted to the other side. 

A douhle-heailed rail, the upper table of which is worn, may 
ho inverted, unless the lower table has boon corroded in brackish 
soil or dented by the chairs. It will at any rate serve to put 
in a siding, from which good rails may often bo taken fur the 

Double-headed rails frequently become chair-marked through 
neglect, the chair-seot not being kept free from rust and dirt. 
It is a good plan to make the mates open out tbeir road—say 
two or three rail-lengths at a time — unkey and raise the rail, 
clean the seats thoroughly, replace the rail, and drive the keys, 
first those in the middle, next those at each end, and lastly the 
intermediate ones. Some of Greaves' oval pots were fitted with 
wooden packing-pieces to prevent chair- marking. 

Turned rails do not wear anything like so well as the original 
nppcr tible. 

Fish-plates, fcava neglect, sometimes get a set camber, the 
wheels drop heavily on the low joints, and tbe ends of the rails 
are rapidly flattened or split, unless tbe fisb-plntes are inverted 
in time. 

Eails which are worn or split at the ends may be cut, and 
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used BB closers ot check-rails. Every possible use ought to be 
made of s mil before it is fioAlIy rejected as unxerriceable. 

When a rail begins to fail, a stake is driven at the side of the 
line, and tfao dcteriuiation of the rail oarcfullj' vratcfaed nntil it 
is nocestiQry to remove it. 

Eaile should not be taken out and replaced during the heat 
of the day. If, front insufficient room for oipansion, the 
inspector thinks that the rails will close in somewhat, when 
one is taken out, he should have the rails pulled boek from 
either side the day before. Otherwise, he may have to use a 
cut rail. Inspectors have sometimes ten or twenty rails to 
change in ouo day at different places. Aecordingly fish-bolts 
and nuts are unscrewed, cleaned, oiled, and replaced a day 
or two before the now rail is to be put in, so that the actual 
renewal may be easily and quickly done. 

Either the inspector er sub-inspector must invariably be 
present on such occasions, and see that the line is protected by 
hand and fog-signals on each side. 

Before breaking the load the inspector should make sure that 
the new rail ia of the exact length required, with sufGcient 
clearance fer expansion. 

47. — Fishing the Rails. Expansion. 

When two rails are being fished together, a small space is 
left between them to allow fur expansion. This space may be 
from one-eighth to one-fourth of an inch, according to the 
extreme variations of temperature, the season of the year, and 
the time of day when they are linked-in. Wooden or angle-iron 
wedges or iron rings of different thiekncsscs, must be placed 
between the ends of the rails while they are being fished, and 
are easily removed with a bar when the bolts are screwed up. 

If too much space bo allowed for expansion, the lish-plntos 
and bolts will often snap in the cold season, and the bolts may 
be so jammed against one side ef the holes that it will be 
difficult to take tliem out, if required. To lessen the space, the 
bolts should be slackened daring the hottest time of the day, 
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BO that the ruils may oipand freely ; the bolts may than he 
ecrewed up again. 

On the other hand, if too little apace he allowed, the rnila 
will either buckle or creep. Should thoy bocklo, the road may 
be temporarily adjusted to a reverse curve until there is an 
opportunity of opening out the road, taking out the hsh-bolte, 
mling them, and replacing them oh one sido of the joint only, 
looBening the chair-keys, drawing the rails Fuificieutly apart to 
admit the espansiou weilgoe, romoving one pair of rails, and 
replacing thorn by short rails as closers. The wedges should 
not be taken out until the rails bare heoo cased for a cousidor- 
ahle distance ahead. 

Boils 30 feet in length are not so easily handled as shorter 
ones, nud unices loaded in special rail trucks are more liable to 
get sagged, when carritd by rail. But, while we arc consider- 
ing the subject of expansioTi, the farther objection to rails of 
BQch a length is suggested by the fact that more clearance for 
expansion is req^uired, the joints ore, therefore, more likely to 
sink, aud consequently the ends to be spoiled. 

Fish-holta should be cleaned and oiled before thoy are put 
in, and thoy should not be screwed up too tigbtly, nut only 
lest they should break, but hocause the tight lateral grip of the 
fish-plate may prevent ii'ee expansion, and either cause the 
rails to creep or buckle. 

Fish-bolts are frequently damaged hy the use of too long a 
spanner, or hy neglecting to oil them before screwing or 
unsorewing them. 

When a new rail U put in between two old ones, the heads 
of which are worn down at the ends, it may be necessary to put 
in liners or packing-pieces to raise the latter. 

On a curve the inner rails follow a necessarily shorter line, 
so that the inner rail-joints tend to get uhead of tho outer joints, 
Whan this lead is as much as three inches, a rail cut sis inches 
shorter may lio put in on the inner sido. In this way the 
inner joint will he thrown throe inches beiiiud the outer, and 
twice tho distance will have to be covered before the lead of 
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the inner joint is as much as three inuhos and anotlicr cut tail 
is required. 

Bitil-joiats aro to be avoided as much as possible in email 
open top or girder bridges, or wbere a check-rail is to be 
put in. 

48. — "Creep" or "Travel" of Raite. 

This is one of the greatest difBcutties with which the 
engineer and pi atclajcr in India Lave to contend, and a most 
tronbleBome problem tii dual with. 

The crui of the whule matter lies in the too tight lateral grip 
of the fish-plates, which prevents each rail from expanding 
independentlj, nad causes a " creep " to bo rigidly transmitted 
along the line of rail in the direction of Icaet resistance. Lf 
the sleepers are firmly anchored and the fastenings hold the rail 
so that it cannot slide on them, the rails tend to buckle ; if not, 
they must creep. Sometimes this tight frictional grip follows 
from the particular form of tlio rail and fish-plate. The latter 
may be too long, or else, instead of only being in contact under 
the shoulder and upon the foot of the rail, it may fit closely to 
tho web also, so that when screwed up it presses tightly against 
a large surface of the side of the rail. £ut tho chief fault will 
often lie with the adoption of a section of roil having too great 
a fishing angle — in other words, the slopes of the upper and 
lower shoulders are not flat enough. In this case the fish-plate 
does not form such a direct support, and tho holts have to bo 
tightly screwed up. Tlie fishing-angle is frequently as great 
as 60°, but should not be more thnn 'SG'. 

When, however, we come to inquire in which direction the 
creep takes place and why, it is almost impossible to give a 
satisfactory reply. On a double track the tendency of the creep 
will probably be in the direction of the traifio on each road ; on 
a single track in the direction of the heavier traf&c, or from a 
higher to a lower level. 

Moreover, this general moTement or ploughing up of tho 
rftila by heavy traffic in one direction or the other will almwt 
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invariably affect the right and loft lines of rails unequally, bo 
that the joints are thrown out of Bi;|uare to a serious extent. 
Not onlj so, but the right and left-hand rails oftoa travel in 
opposite diroctioDs. 

In the caHe of a chair road the resistance of the chaira is of 
the natnro of a couple, awl the effort of expansion must tend to 
hack and loosen tlio keys of one side so that the ttro rails are 
most free to travel in opposite directions. If the chairs were 
right and left handed, the keys could be driven in the same 
direction on both sides, and one rail would not necoKsarily 
travel faster than the other hy backing nut the keys and over- 
oomiug tlieir resietatice. If again the key-seat of the jaw were 
tapered from both sides to the middle of the jaw (as Mr. Mallet, 
Chief Engiueer, P.W.D., proposed), instead el' from one side to 
the other, the key would be gripped most tightly at the middle 
of the jaw, aud could be driven from either side indifferently. 
Mr. Mallet pointed out that this wnulJ enable ihe joint sleepers 
to be spaced closer together, which would materially relieve the 
strain oa the fish-plates. But there would be the further 
advantage that the key could be driveu on each side in the same 
direction as the creep, aod thus assist in resisting it. This 
method involves the nee of two kinds of koys, one right and 
the other left-handed. 

Steel sleepers are heat able to resist the creeping movement, 
for their sharp edges grip the foundation of the bitllast, and the 
rail is held very tightly by the lugs and keys. Here, therefore, 
the tendency is to buckle, and it is often difScult to keep a 
perfectly straight road, however heavily ballasted. 

Wood sleepers move more easily, but, even if thoy hold, the 
rail may slide on the spikes, unless the fish-plates are notched 
to hold the heads of the spikes at the joint sleepers. 

The roundoil shape and smaller surface of frontage of pot 
sleepers afford the least resistance of all to the creep movement, 
but supposing thorn to stand their ground, the whole matter 
depends fimilly upon good keying. 

To correct the nneijual travel of the right and left lines of 
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rails is at ODce a tedious and costly operation. The fish-bolts 
for some distance have to be taken out, oiled, and replaced, the 
rails to be pulled square in opposite directions, and one pair has 
to be taken out and replaced by two cut rails as closers. 

Little more has been done, it must be acknowledged, in the 
preceding remarks than to set forth the difl&culties and com- 
plications which beset the question of creep. Scarcely a single 
explanation can be put forward in any one case which is not 
apparently contradicted by the opposite circumstances of 
another. 

49. — Maintenance of Wood Sleepers. 

In laying a line, the joint sleepers are spiked first and 
then the intermediates. Before spiking down a chair, the 
key is driven tight. The sleeper is then placed evenly under 
the chair, square to the rail, and properly spaced, and is firmly 
held up to the chair with a crowbar while the hole is being 
bored and the chair spiked to the sleeper. When one side has 
been bored and spiked, the gauge should be put on (at right 
angles to the rail on the straight and normal to the rail on a 
curve), the sleeper squared and held up, and the opposite side 
bored and spiked to gauge. On a curve the outer rail is the 
one to be spiked first. 

When the rail is simply held by spikes the sleepers must be 
adzed under the rail to an inward slope of 1 in 20 to tilt the 
rail and thus make it fit the coning of the wheel-tires. This 
is unnecessary when chairs or bearing- plates are used ; these must 
not be counter-sunk in any way ; the cant is given in the plates 
or chairs, and all that is required is to level and dress the 
portion of the sleeper on which they rest. 

In boring a sleeper, an auger of rather smaller size than the 

required hole should be used for deodar and other soft woods, 

so that the spike when driven may fill the hole completely. If 

the point of the auger will not hold it must be oiled, not 

forced. All boleB for spikes must be dxilkd Tig^ht through the 
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sleeper. The rectangular clog-spikra sitoiild be dpiven vorti- 
cally and Bquare to tije flat-footed rail. Bliould tlie eloeper- 
wood be very hard aud liable to split, the spike may be 
lubricated with soap before it ie driTen. 

Bearittg-platee and spikes make an cscelleiit fasteniDg for 
fiat-fouted rails, but, unless the traffic is fast and heavy, it will 
generally be sufficient to use the bearing- plates at joint sleepers 
oaly on a straight road, provided that the sleepers are uf good 
quality. 

When a sleeper is no longer fit for use at a joint, it may still 
do service as an intermediate. The joint sleepers are the most 
severely tried, owing to the joints, however good, yielding moro 
than the bo(]y of the rail ; the middle sleepers next rcq^aire 
careful attention ; the remainder are less imjiortaiit. It is in 
this order that tlie renewals of sJeeporB, therefure, should gene- 
rally he curried out, rather than in continuous lengths ; and 
economy can bo sooiirod by shii'ting partly worn sleepers from 
cue position to another of less jniportance. 

It is seldom feasible to turn over a sleeper in India, for the 
nnder side is not only torn by sharp-pointed beaters or by the 
ballast-packing, but often partially destroyed by white ante, 
eveu while the top is still fairly good. 

If the bases of obairs do not cover a sufficient area there is a 
ttindeucy to cut into the sleeper, the more so as the long edy;es 
of the chnir run in the direction of the wood-fibres. If, how- 
ever, the ktys are kept tight and the ballast is sound and well 
packed, there will be less tendency to rock, and the chairs will 
not dent the sleepers so badly. Even when thus injured the 
sleepers will serve their time, if undisturbed. "When a key is 
found to be slack, the chair-s^at ought to be thoroughly well 
scraped and cleaned before the key is driven tight again. 

All old spike-holes should bo filled with tarred woodeu 
plugs, neatly ilriveu in. When the spiko-holes are badly 
worn or rotten, the eleopcr may be shifted a littlo trans- 
veteely, so tliat now holes may bo drilled. But if only one 
chair on a sleeper requires renewal, ttw o\i s'g&.ft-ViJia ^a-5iSi. 
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be plnggod and re-bored for the new chair, the oppoBite cLair 
not beiug touched. 

When a new sloopor is put in, the old lied of ballast should 
be beaten up first, and the hosing should not be filled in for 
some days, during which the sleeper may rei^nire a little 
packing. 

Sleepers which are getting into bad condition should not, as 
a rule, be covered over with ballast, but exposed until it is 
necQssiiry to remove thena. In a dry iliBtriet, however, this may 
not be advisable, for fear of the sleeperbeingburnt by droppings 
from the fire-box of the engine, 

Wooil sleepers should be opened out for inspection after the 
rainy season, and will thus, moreover, bo thoroughly dried. 

When sleepers get out of square the spikes should be drawn, 
the sloopera replaced at right angles to the rail, the gauge 
applied, and the sleepers respiked. 

If a loose sleeper is neglected for Bome time, the rail wilt 
begin to fail at that place ; every train will drop heavily on the 
loose sleeper and aggravate the miechief ; and the rail, which 
might have lasted for years, is lapidly spoiled. While working 
regularly through liis length, therefore, the mate should also 
attend to these isolated cases of loose sleepers. The gang can 
pack a certain portion of road, say a furlong, in two days. On 
the third the mate or wrenchmau should take one or two gang- 
men over the whole length to pack loose sleepers, while the rest 
box and dress the ballast. 

Did sleepers, when taken out, should be piled in small etacks 
at some distiiuce from the line and from each other; earth 
should bo thrown on the top of each stock, and the ground close 
by cleared of grass or other rubbish liable to catch fire from 
sparks from a passing engine. 

In laying bridge sleepers, the distance between girder and 
rail is to be carefully measur&l from point to point. The 
sleepers should then be cut accordingly on the lower side and 
marked for their places, go that diflercnces due to camber of 
gilder, rivet-heads, and cover-plates may be allowed for. 
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50.-Lifting, Packing, and Boxing. 
Tbe nse of tlio lieight-bonrd or strdiglit-edge and sigliting- 
boarde should first be exjiliiined. 

Tbe Leigbt-bourd should not be placed further than 300 feet 
away from the lifting-poiut as a rnle. The rails bctobs which 
it is placed and tlioBe at the lifting- point should, first of all, ho 
brought to exiiot level by means of the spirit-level, 

Tho height of the sighting- boards ("liich are used to deter- 
mine whetlier intermediate points are to be pickud up or 
lowered) correHponda with tho white line of the height-board 
or Btraight-edgo. The latter (on the 5' 6" gauge) ia a 
vertical plank, G feet long, about 8 inchoa doep, and fitted with 
feet at either end to steady it on tho rails. 

One sigh ting-board is placed by tbe lifter, and over this be 
sights the white line of tho straight-edge with tho iuturmediate 
sighting-bourd, which is placed on every successive joint, and 
indieutea whether the line ia to be raised or lowered. 

Tho ballast consists geucntlly of broken stooe, brick, or 
kiinker, if the sleepers aio of wcjud ; and of sand, covered with 
a top dressing ol^ broken brick or stone, or wholly of tho lattor, 
if the sleepers are of steel or of ca^t iron. 

Sleepers should be well packed directly under the rail-seat, 
anil to a distance of 10 to IS inches un each side according to 
tbe gauge ; the middle and ends should bo only loosely filled 
with ballast. 

<iaugmen, unless prevented, are much given to driving a big 
piece of stone nr hunker uiidtir the sleeper, from which treat- 
ment tho sleeper suffers considerably, while tbe apparent firm- 
ness of tho packing is but tcmiiorary. 

Since it is far easier to lift than to lower a road, less ballast 
is spread aa a foundation on tho formation than will ultimately 
bo roiiufred under the sleepers. 

The joint sleepers should first of all be packed, then the 
iatormediutes, and lastly the joint sleepers again before tho 
road is boxed np. 
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In boxing, tbe ntils and fnsteniiigB BLould lie left bore; a, 
light top dressing of ballaEt may he laid ou wood sleepers to 
protect them from fire; and at least Buffioient ballast muBt be 
spread beyond the ends of the sleepers to cover them freely 
when the ballast takes its natural slope. 

A new 01 lifted road should not be fully boxed for some 
days, in order that it may settle aud be packed op a little, if 
necesBoiy. 

In lifting a wood sleeper road, it Bhould first be stripped of 
ballaBt to make it as light as posBiblo, and thus prevent tha 
spikes from drawing ivhen the road is fi.-recd up with heavy 
levers. Tbe rail, not the sleeper, shonld bo hold np with the ' 
lever, and both rails should be lifted together, the levers 
being lield in place until the joints are firmly pocked, the inter- 
mediate Eleepors being then packed, and laetly the joints again 
beaten up. The (ild bed ought always to be broken up ond 
renewed witli fresh ballast. Four men should be put on to pack a 
sleeper, and they should beat ihe ballast under both sides equally. 

A roatJ muBt not be lifted more thou three inches at a time, 
the elevation being made up, if necessary, by repeated lifts of 
not more tlian three inches. The lift shor.ld be made towards 
approaching trains on a double line, and from a lower to a 
higher level on a single track, the elevation being worked o£F 
at each end with aa easy grade. 

In picking up Black joints, the ordinary crowbar will bo 
found to be bandy and quite suited to the purpose. 

51. — Treatment of Metal Sleepers. 

The trough-Bbaped steel sleeper is 2>aeked in very much tlie 
same way as tbe wood sleeper, i. o. tlic ballast is packed tightly 
under the rail seat, aud to a distance of 10 or 15 inches on 
each side, the middle being loosely filled, and at least su£Gcient 
ballast spread beyond the eniis to cover them, and keep the 
balluat filling from slipping out under the edges. 

The steel keys should be driven with a light hii 
ends split. 
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In renewing Etsel eloejitrs the old bed ought always to be 
dag np and renewed with fresh boUost. Steel Blee]>ers newly 
laid require constilerable attention until they have beoome 
firmly bedded. 

A cast-iron pot sleeper put into the road as a renewal is ajit 
to break, if packed up too much, and to secure an even bearing 
it is advisable to open out and repack one or two sleepers on 
each side. Tie-bars should be gauged beforehand, and keys and 
cotters driven with a light hammer. 

When pots " blow," the best way to secure the packing isHio 
open out the earth to the rim of the pot, pack small ballast 
under it with picks, fill in earth or sand from the top as usual 
with puuners, and with the addition of a little water this will 
bold tirm. 

A clay packing will probably set hard and shrink during the 
hot weather, and should be brokeu up, or the pot may split. 

The importance of good keying is obvious. Pot aloepers at 
joints often get out of siiuare and tighten the gauge. This is 
dne to neglect on the part of tho keyman. 

Not unfrcquontly the key is so carelessly driven that tho rail 
is canted too much inwards and the edge of the rail sheered off 
by tho jaw, 

Tho rail sbonld bo exactly fitted in its proper position, and 
tho key, if firmly driven, then acts as a cushion as well as wedge. 

Accumulation of rust and dust between the rail and chair- 
seat and slock keying are the chief causes of the under table of 
rails being dented. The breakage of pots may also be traced 
almost invariably to alack keying. 

In liftieg a pot road, all filling and ballast should be removed 
and replaced with fresh packing. When the rail is canted too 
much inwards from careless keyiog, the lifting should bo dona 
by applying the crowbar from the inner side of the rail. 
Indeed the rails ouglit to be unkeyed, lifted from tho chair- 
seat while the latter is scraped and cloancd, and the key 
carefully redrivon. 
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52.— Curves. 

As previously explained, short rails have occasionally to bo 
put in on the inner side of curves to correct the advance of the 
inner rail-joints. 

To determine the exact amount of slack gauge to be allowed 
on sharp curves, we must find what is the versed sine on a 
chord whose length is tbat of the maximum rigid wheel-base 
plus the distance beyond to the points where the wheel-flanges 
touch the inner edge of the outer rail. To do this we may 

apply the formula 

3 C^ 
V = — -rr- (approximately) ... (1) 

where 

= chord expressed in feet, 

B = radius of curve, also expressed in feet, and 

V = versed sine in inches. 

Thus, on the 5 feet 6 inch gauge, with a maximum rigid 
wheel base of 16 feet, the allowance would be liberal, if we 
assumed C to be 20 feet, and this would give us — 

600 
R 

Accordingly, the allowance for slack gauge might be as 
follows : — 



R 


V 


600 feet 


1 inch 


800 „ 


3 


960 „ 


n 
¥ » 


1200 „ 


i » 


1600 „ 


3 



while curves of 2000 feet radius or more should be spiked or 
keyed to straight gauge. 

Similarly on the metre gauge, with a maximum rigid wheel 
base of 10 feet, the formula 

216 
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would serve, &nd we miglit allow slack gouge ae follows :- 



B 


" 


316 feet 


S inch 


43-2 „ 


i ., 


576 „ 


i ,. 


864 „ 


J ,, 
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Double- or bnll-headed rails are more easily a<lftpted to 
ordinary curves than flat-footed rails, and for elmrp cnrres tLo 
latter should be cautiously lieated aud bent to an extent wbicb 
may be calculated by tiie same formula — 

V = ;— ^ (approximately). 

lu tbis caso leprcBents the lengtL of the rail of course. 

Some platelayers break joint with flat-footed rails on sharp 
cnrTes, to prevent the sharp elbows which arc so often seen 
when the joints aro opposite. 

The nest matter to consider is the cant or super-cloTition of 
the outer rail. Avoiding the imBcientific term " centrifugal 
force" in this connection — ^for the tendency of the train is not 
to fly outwards from the centre, but to move in a straight path 
— it is clear that, to change the direction of its movement so 
&B to follow a curvo, it is nccesHarj to introduce a now force, 
always acting at right angles to the straight lino in which the 
train tends to move^ — ^in other words, a force normal to the 
curve. In doing this we ate simply following Newtou's first 
law of motion. The force of gravity is therefore induced to 
effect this change of direction liy giving a cant to the rail>^, 
either entirely by elevating the outer tail, or partly also by 
dopTCEsing the inner raiL 
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Let 

E = this supereleyation, 

y = maximum velocity of trains, 

B = radius of curye, 

G = gauge, 

g = acoeleratiye effect of gravity. 

Then 

E^_ V« 

"G" " R 

••• ^=^ (2) 

Otherwise, the chord C may be determined, the versed sine of 
which on any curve will give the required cant. Substituting 

^r= for B in formula (2) we obtain 
o rj 

= J V ^/ Q( (approximately). . . . (2a) 

It is convenient, however, to express E in inches, Y in miles 
per hour, and G, and B in feet. Adapted to these units, the 
formulsB are modified as follows : 

E^ _ GV /6280Y 
12 "" 32-2 B ^ \3600/ 

GV 
.*. E = . .QRP (approximately). . . . (26) 

/. = i^V >/G (approximately); . . (2c) 

and, from the latter, we deduce the following formulaB : 

(5' 6" gauge) = If V ] 



(metre gauge) = 1^ V 
(4' 8i" gauge) = IfVj 

(approximately). 



. . . (2d) 
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having been thns calenlated, a string of tliia length is 
stTotcbEid front one point to another oa the inside of the curve, 
and its distance from the rail at the middle will be eqoal to 
the required cant. 

At the end of the hook is a table, giving the cant in inches 
for various speeds and onrves, and also the chords, the versed 
sines of which are equal to the oant required for different 
speeds. 

Should the cant calculated in this way prove, on trial, to he 
insufficient, the platelayer may lift the outer rail little by little 
until he is satisfied that engines run easily ronnd the curve. 
The tendency is, however, to put on too great a cant, and 
platelayers should recollect that no amount of cant will prevent 
the sliding of the wheels on the outer rails, which must 

The elevation of the outer mil should begin some distance 
back on the straight, so that the fall cant is attained at the 
beginning of the curve ; and in the same way it is worked off 
on the straight at the other end of the curve. 

In fact, the curve itself does not (or should not) end abruptly, 
as set out; but is gradually eased off into the straight, the 
curvature and cant diminishing together. 

On sharp euTvos with flat-footed rails, check rails and a slower 
speed are preferable to too great a cant, since the tendency is to 
throw the weight of the train too much on the inner rail in the 
latter case and to draw the spikes. 

53. — Laying Points and Croasinga. 

vThe more obtuse crossings, having an inclination of 1 in 6 or 

e only used in temporary sidings or sidings to whioh 

;e not admitted, except when such a crossing is laid with 

a of contrary flexure, and forms the junction between 

t lines, OB in Fig. 3. In this latter case, supposing the 

mgemeut to be symmetrical, the radius of the diverging 
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cnrvBs is equnl to twice the rndins of the curve which is pnt in 
for the Bame crossing off the straight, as in Fig, 2. Thus on the 
6' 6" gauge a 1 in 6 crosHing forming tbe junction hctween two 
split lines (Fig. 3) would bo as easy to ran over as a 1 in 8^ 
CFOBsing laid in fur a siding leaving a straight main line 
(Fig. 2), the radins of the curves being 800 feet in either 
case. 

Medium cioSEings, baving an inclination of 1 in 7 to 1 in 10, 
arc used for ordinary work in station yards. 

The more acute crossings, from 1 in 10 to 1 in 19, are 
required for facing points on main line jnnetions and similar 
positions, where an easy cnrvo ia of more importance than 
economy of space. 

The lend of a crossing is the distance moasured on the 
straight, from the heel of the switch to the intersection of tbe 
gauge-lioea on the croasiDg. It is generally calculated with 
reference to that portion of a uniform curve which is intercepted 
between the heel of the switch and the noae of the crossing. 

It is by no means necessary, however, to hove a uniform 
curve from heel to nose. If a longer load be put in, the 
curve will be flatter at the heel but sharper at the nose — and 
this, of course, is the worst possible arrangement ; the idea of 
some platelayers that a crossing can be improved by putting in 
a long lead is utterly absurd. If, on the other hand, a shortci 
lead be adopted, we shall have a shorper curve near the heel, 
but we may also have ft piece of straight over the crossing 
itself; so that this is the best arrangement of all when a 
snfGciently acute crossing is chosen to admit of the curve being 
made somewhat sharper at the heel. 

The most common arrangement is that shown in Fig. 2, 
where one line turns out with a curve from a straight track, 
and the manner of laying points and crossings in this way will 
now he eipltiined. 

First of all the straight line is spiked with its stock-rail and 
switch in position. Tho opposite stock-rail and switch can then 
bejtiaosd to exact gauge, and the heel-chair spiked down, Tha 
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eiding stock-rail Bbould be bout in slightly, just beyond the toe 
of the switch. While the jim-crow is still applied to the rail, 
the chair at the toe of t)ie switch, the one in front, and the next 
Blide-chair hehind, ehould be spiked to somewhat tight gauge, 
and ttfterwarda the rest of the slide-chairs. The tightness of 
gauge near the toe of the switch will disappear when the first 
train has passed over the crnssing. 

Similarly, in putting in the croesing, the chairs or Ings of 
tbe cTOBsisg on the straight lino side should first be spiked, 
and then those on the other side. 

The gauge should be, if anything, a little tight in front of 
the points, slack on the curve between the heel of the switch 
and the nose of the crossing, and exact at the noBe of the 
crossing. 

The cant, obtainable only by liiwering the off siding rail, 
Bhould begin at the butt of the stock-rail, and (itnloss there is 
a piece of etraight over the crossing) he continued right through. 
This ailvice — to allow cant at the crossing — is by no mcaua 
orthodox, but will ho justified by trial and experience. To get 
K cant hero the oiF rail must be countersunk, and it will bo 
difficult to obtain more than an inch, but even this will 
materially assist the wiieels over the curve and prevent them 
from mounting the nose of the crossing. 

It is obvious, however, that a cross-over road mnst be on one 
<lead level, for there is no room to run out the opposite caiitH 
before they meet midway. 

The check-rails should he placed well forward to protect the 
nose of tbe crossing, and not so far back as to make one think 
that their purpose wiia forgotten. 

Too many long aleopers should not be used. Three or four 
will be required under tbe crossing and two at the end of the 
switches to carry the lever, and these should be of sound hard 
wood, such as teak or sal. Boyond the crossing the short 
sleepers of each road should be so laid alternately that they 
may easily be packed together, and that the dividing roads may 
be independently adjuBtahle. 



r 
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Iq bU station yards Bpare point-roda, cbaire, and switches 
should be kept ready for iinmcdlato lenewola. 

54. — Level Crossings. 

To keep tbo trliQel flange psBsages clear a ckeck-riLil is laid 
on the insido of each rail, and the epaco between should be 
cleared of dust and rubbish by the gatoman, who ought also to 
water the crossing before a tmia is expected, to proTent dust 
ieoax getting into the working parts of the engine. Sometimes, 
and with advantage, a oLeck-rail is laid on both sides of tha 

55. — Pinal Eemarks. 

The amount of renewals annnally required will probobly vary 
in the following way. 

During the first three or four years the annual renewals will 
diminish as the defective material is gradually weeded out. 
During a second period the renewals will be comparatively 
light for several years, and eouform more or lens with a general 
average. Then, as the term of life of one or other description 
of material is approached, very heavy oitraordinary renewals 
will from time to time be required. 

While, therefore, locomotive aniJ traffic eipensea vary 
generally with the expansioa or eontraction of traffic, the cost 
of maintaining the permanent way wiD oocaaionally appear to 
be irregular and excessive. This cannot always be taken as a 
sign of imperfect maintenance on the part of the engineers and 
platelayers. It is more often due to starving the renewals when 
the revenues of the railway are low, and allowing the defects 
to aocumulate until heavy special renewals ore suddenly uid 
imperatively needed. 

The Btatiaties of renewals duringany one year are seldom signi- 
ficant taken by themselves. Moreover, the distinction between 
special and ordinary renewals is fallacious ; for the former are, 
as exjilMnEd above, an accumulation of renewals which shoald 
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haye been regularly carried out in the ordinary conrse of 
maintenance. To enable one to draw sound inferences and 
thus make fairly accurate forecasts of annual requirements, the 
percentages of renewals up to date, ordinary and special, 
without distinction, should be added up, and an average struck 
at the end of each year. 
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criAPTER nr. 

POINTS AND CK08SINGS. 
56. — Object of Points and CroasingE. 

It has already been eiplaineil that t!ie use of points and 
orossingB is to enable trains to pass from one pair of metsla to 
another ; that the switches are short tapering steel rails, one 
pressing against one stock-rail to divert the train from the 
original line, and the other drawn away from the other stock- 
rail to allow the train to pass on that side ; and that the main 
line rail is crossed hj means of a crossing (of cast steel, or 
bailt np of steel rails), the nose of the croEsiu^ being at the 
intersection of the gauge-linea of the crossing roils, which horci 
diverge to form protecting wings. 



57. — Definitions. 

Gauge. — Tlie distance between the rails of a track, i 
from inside edge to inside edge of rail-heads. To measure the 
gauge from centre to centre of rail would quite UDnecossarily 
introduce a new factor (the thickness of the rail-head), and 
complicate the formulte to be investigated withont the slightest 
reason for doing so. 

Note of crossing.— The point of intersection of the gauge- 
lines — an imaginary point, some inches in front of the blunt 
nose, to which all lead-measnrGmonts are referred. 

Badim of crossing.— The radius of the curve of the gauge- 
line of one of the intersecting railR, the other being straight. 

Clearance. — The clearance at heel of switch is the distance 
Awm inside edgo of Btock-rail to inside edge of switch-roil ; i 
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other words, tLe gap between Uiose raila plna the broadtb of 
the head of tho rail. 

Inclmalion-nu-mher, or nujiiber (to put it shorlli/) of the eroesing. 
— The cotangent of the nnglo of tbo crossing ; it is mcaBured 
by the distance from noee of croeaing nt which the porpsn- 
dicnlor o&et from one gange-line of the crossing to the other is 
unity. 

ftirue-Zead.— The distnnca from epringing of curve to nose of 
oroseing, meaatired along the stroigLt. 

Swileh-lead. — The distance from springing of curve to heel 
of Bwitcb, measured along the straight. 

Lead o/erommj. — TLe distance from 
of switch, measured along tho straight. By 
c&Iciilation it is equal to tho curve-lead n 



to hoot 
itbod of 
s the switch 'lead. 



58.— Symbols. 

= gauge. 

= angle of croaKing, 

= cot a = number of crossing. 

= length of switch. 

= sin i^j = angle of divergence of switch. 



I 



inclination-number of the switch. 



, K, = radii of curves of intersecting rails. 

I' = gwitcb-lcad. 
L = load of crossing. 



I 69. — Two Methods of determining the Lead, 
I the purpose of primary investigation tho simplest case 
Uy 'he considered— that of a turnout from a straight lino — but 
it will afterwards bo seen that the application to cases where 
Vrtll lioea are curved ia easy. 
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In determiaiDg tlie lend by tbe first method, the curve ib 
asBiimed to lie tongeutiolly npoit the gaitge-lioe of the Bwitcfa- 
rail, spiingisg from it at the hc^el and crossing the inner 
straight rail at the proper angle. The curve is not referred in 
any way to the gauge-line of the outer rail. We do not take it 
for granted that a switch will he need which will suit a pre- 
viously determined curve, hut accept a certain switch, olearanoe, 
and crossing, and mnke the lead and curve suit those conditions. 

By the second method the first stop is to determine the radius 
of the curve which would lie tangcntinlly upon the gange-line 
of tho outer straight rail and cross the inner straight rail at 
the proper angle. The cnrve-load may then be found, and also 
the switch-lead, the latter covering that portion of the curve 
which (being intercepted between the heel of the switch and 
the theoretical springing point on the gauge-line of the onter 
straight rail) is imaginary. The lead of the crossing is simply 
the difference between the curve-lead and the switch-lead. 

Of these two methods, the first is more immediately suggested 
by what occurs in practice. If tho lines were laid according 
to the second method there would bo a kiok at tho heel unless 
the switch were of a certain length. Now, as a matter of con- 
venience, the same switch is often nsed for different croesings 
and cannot possibly be correct for more than one. Tho curve, 
therefore, requires generally a little adjiistraont to avoid a kini 
at tho heel of tho switch. This cannot occur when the first 
method is adopted, since the given switch is at onoe made a 
datum-line from which the curve starts. As, however, it is 
convenient to Lave cortaon loads laid down for certain crossings 
without reference to the length of the switch, the second method 
is usnally followed, and the slight error due to using a switch 
whuBo length is not that of the tangent to the imaginary portion 
of the curve may practically be ignored. 
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60.— First Method. Lead of Crossing. 
Befemng to figure 1, 

. I 

as defined. 

Then, 

Z CED= ZKCE 

= ZKCF+ ZFCE 

= Z KCF+ Z FEC 

= a + 8 - ZCED 

.-. ZCED = ?L±i 

2 

Moreover, 

L = DE 

= C D cot C E D 

.-. L =(G-eOcot('?^) ... . (3) 

Hence, 

cot - cot - — 1 

2 2 
I, = (G - d)— ^ ^ 

cot - + cot - 
2 2 

4 1 1 — 1 

= (G - ^) 27r-f7) (*pp'^^^a*®iy) 

It 

/. L = 2 (G — d) j-r--. (approximately) 



= 2 (G — d) -— . (approximately). 

Id -{- I 

61.— First Method. Radius of Crossing. 

Again, referring to figure 1, 

G - d 
CE = 



(3a) 



• /a + S\ 
Bin ( — ! — I 



62 NOTES ON PERMANENT-WAY MATERIAL, 

But, 

Tj C E . /a - 8\ 
R = sm ( I 

2 \ 2 / 



. /a-8\ 
in( I 

V 2 / 



sm 



62. — Second Method. Radius of Crossing. 
Referring to figure 2, 

R = -^ (5) 

versm a 

This will be a convenient formula if the crossing is described 
in terms of the angle, and that angle is simply expressed. As, 
however, R is found by dividing a small number by a very 
small number, the slightest roughness of approximation in the 
denominator may affect the result considerably. Hence, if the 
crossing is described in terms of the inclination — 1 in 7, 1 
in 8, and so on — instead of first deducing the angle of the 
crossing in order to use the above, it will be better to recast 
the formula at once in terms of G and I : 

cot a = I 

I 



cos a = 



R = 



V (1 + l^) 

G 



1 — cos a 

.-. R = G(1 + P) + GIV(1+I') 

= 2 G I* (approximately) p , . (5a) 

= 2GI2 + liG (very closely). 

63. — Curve-lead. 

V 

Again referring to figure 2, 

L' = Rsina (6) 
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and, by easy transpositions, 



L'= « 



^^ (1 + r) 

= -=■ (approximately) 



I 



(6a) 



or, in terms of G and I, 

L' = G VTiTP) To I 1 _ 

= 2 G I (approximately) f * * * * w 
or, again, in terms of G and a, 

L' = Gcot^ (7a) 

moreover, 

2K-G:L'::L':G; 

... U = V(2R^G)G I 

= >/2KG(approx.)) 

64.— Switch-lead. 

Similarly we obtain the following formulae for the switch- 
load: — 

V = V(2K-d)d . 
= V2 E d (approx.) • ^ ^ 

V = V 2 G cTKi + ry4ri7-(r+ r)T^d^ ^ 

= 21 VGd(approx.) I * ^ ^ 

65. — Second Method. Lead of Crossing. 

To find the lead of the crossing we have merely to subtract 
the switch-lead from the curve-lead : 

L = L'-Z' (11) 

66.— The Platelayer's Rule for the Lead. 
The approximate formula for the curve-lead, 

L'=2GI, 
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gives us the well-kDown " platelayer's rule " for the lead : — 
'* The lead is equal to twice the gauge multiplied by the number 
of the crossing." This rule, however, does not give the lead of 
the crossing but only the curve-lead from which the switch-lead 
has still to be deducted. 

The following formulsB are more nearly correct : 

(5'6"gauge;L = liGI, 
(metre gauge) L = If G I, 
• (4'8i"gauge)L = l^GI; 

but still simpler empirical formulas for calculating the lead may 

be given here : 

(5' 6" gauge) L = 8^ I 

(metre gauge) L = 4^1 . ,.o\ 

(4'8i"gauge)L = 6JI^ .... V ; 
(approximately). 
These may be deduced from the approximate formula, 

L = 2I(G- Vg3). 

67. — Curves of Contrary Flexure. 
In figure 3, 



.-. BD- CD = 



BC 



Again, 

B D = J (B C + BD-CD) 

/ R,« - R.* \ 

But 

AD= VaB^-BD^ 
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An approximate fprmnla which will be much more service- 
able can, however, easily be found. 

If 8 and G — « be the cross-distances from the nose of the 
crossing to the lines tangential to the curves at springing 

L' = \/ 2 Ri 8 ; and also 

L' = V 2 Kg (Gr — sj (approximately). 

Whence, by eliminating «, 

L' = yy -p \ T> (approximately), . . . (13a) 

and, in the same way, 

V = \/ -^—r^~ (approximately). . . . (14) 
Ki + Ka 

When the radii of the curves are equal, we obtain the follow- 
ing formulae : 

G 

R = ' T^ (16) 

2 versin - 

=r 4 G P (approximately) .... (15a) 

L' = R sin ^ (16) 

= lcot^ (17) 

= 2 G I ("approximately) .... (17a) 

gT" 



V( 



R-^)g (18) 

= v'RG (approximately). . . . (18a) 

Z' = V R cZ (approximately) .... (19) 

= 21 JOTd (approximately). . . (20) 



F 
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68.— Curves of Similar Flexure. 



In figure 4 



.-. B D + C D = 



AB=- 



AC 

AC 



and, finally, by a procees similar to that bj which the case of 
curves of contrary flesure was determined, 

L' = V' E.- + i (a. - B. - G + -"jI^SLJ (21) 

Agaiu, if « and G -J~ ^ ^ ^^"^ croes-di stances from the noEe of 
the crossing to the lines tangential to the corves at springing 



. {21a) 
■ (22)' 



L' = V fl '_ jr (approximately) . 
~ V R - B ('^PPro»i«'ately). 



69,— Lead of Crossing Constant. 

The formula for leads, thus obtained, in the case of cnrvee 
of similar or contrary flexure are, however, of theoretical rather 
than practical interest. 

Once having found the crossing which will suit a turnout 
from a straight line or a turnout from another curve of similar 
or contrary flexure, the lead as worked out by the formiUue 
applicable to each case, will practically be the same. 

Thus, on the 5' 6" gauge, whether we put in a 7° i5' crossing 
tor two cnrves of contrary flexure, their radii being 1200 feet, 
or for a turnout from a straight line with a curve of 600 feet, 
the lead will be 60' 7" in either case. 

TJiia BimpliBeB matters greatly. We have merely to fiud^ 
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what crossiDg is suitable and to determine the lead for the 
simplest cose — that of a turuout from a etraight line. Then 
this lead, provided tbe crussing be suitable, will be the same 
for that crossing, whatever the arrangement may bo. 

It is also to be remarked that when the radii of two cnrrea 
of contrary flexure ore equal, each is very nearly equal to twice 
the radius of tbe crossisg, that is, twice the radius of the curve 
of a tumont from a straight line. 



70. — To Detenniue the Croasing. 
1. Turnout with a curve of given radius from a straight 
line. (Fig. a.) 

In this case we need only express formula (6a) in another 



I = 



E- 



^/ (2 H - G) G 

= V 20- (appro^i^'^'elyj, 



while formula 5 becomes 
B-G 



la) 



by which the angle of crossing may he determined. 

2. Curves of contrary floiura. (Fig. 3.) 

Since the lead is practically constant, whatever may be the 
urangemeat 



iUI- V B, + B, 



Mid, when the radii are equal — 

^ " V 40 (approximatalj). 
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3. Curves of similar flexure. (Fig. 4.) 
Here, in a similar manuer, we obtain — 



^ = \/2(r7 -n{,)G (»pp'«^^''t«iy)- • • • (26) 

71. — Modification of the Lead in certain cases. 

Tlie inclination of a crossing is defined by such short lines 
that a slight difference from the accurately calculated lead may 
bo permitted in order to avoid cutting rails as much as 
possible. 

Hence also, if it be necessary to put in a crossing with a 
curve or curves whoso radii differ somewhat from those which 
exactly suit the crossing, the lead may be adapted to those 
curves by means of the formulsB which give the lead in terms 
of the radii and the gauge ; or the following approximate 
formulae may be applied : 

L = K\/R (approximately) . . (27) 
for a turnout from a straight line ; 



= ^\/ ir^'rl^ (approximately) . . (28) 



Hi -J- Rj 
for curves of contrary flexure ; and 

L = K \/ -p— 2."^ (approximately) . . (29) 

for curves of similar flexure ; where 

K = 21 (5' 6" gauge) 
K = It (metro gauge) 
K := 2} (4- 8i" gauge). 

This concession, however, is no argument for indifference to 
accuracy in calculation. In practice we may find it convenient 
to depart from the correct dimensions, but we ought to know 
vxactly to whe,i extent we are doing bo. 
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Some platelayers have an idea that they can nmke a croBHiiig 
easier by lengthening the lend. This is aliaurd. Thoy airaply 
fiatten the curve near the switcli, and Bharpon the curve near 
the crossing, i. e. at the very wurst place. 

In fact, if the curve Ije easy, it may bo advisiible to shorten 
the lead ; for although, in tbie caae, tiie curve would have to be 
elittrper towards the switch, we might be able tu put iu a piece 
of straight at the crnssing, which would be an improvement. 

So that we may say geueraJly that the best arrangement is 
when an enf^y or acnte-anglod crossing is put in with a F^hort 
lead (which may easily be calculated fur any desired amaller 
radius of curve), and with a pieee of straight over the crossing. 



72.— Tamouts and Crossovers. 

A turnout from one line to another (figures 5 and 7) is made 



by means of a pair of switches, a crossing, and a reverse curve 
rnnning into the direction of the second lino, with ov without 
an intermediate portion of straigbt line. 

When a turnout enters the branch'lino by means of a second 
crossing, and a second pair of switi^hcs, it becomes a crossover 
(dgures 6 and 8). 

The whole length of a turnout, therefore, is made up of 

(o) Lead of crossing (L), 

rffc) Intermediate portion (S), straight or curved, 
Te) Curve-lead (L'); 



e that of a crossover is 
I (a) Lead of crossing (L), 



(S), straiebt o 



■ (i) Intermodiato portio 
Jte) Lead of crossing (L), 
fl. Turnouts and crosodvers, the intermediate portior 
Hught. 

e (Figs. 5 and G) we have 

= {D - G( l+aec a) ) cot a \ 
= (D - 2 G) I (ftppTOximiitel^\ \ 
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2. Tiitnouts and crossovers, tho intenaediate portion being 
carved (Pigs. 7 and 8). 

The curve is continaoua and revorso, t!ie radins R in the 
following formula being that of the crossing rail : 

8= v'r)(4R- 2G-D) - 2L'. . . (31) 

73,— Gathering Lines. 

In Fig. 9, let 

5 = distunoe from nose to nose of crossings mcosored along 

the lines. 
Y = the same measured along the gathering line. 
D = distance between tracks. 
a = angle of crossings. 

6 = angle which the gathering line makes with the 

parallel lines. 
Then 

V = D coaec (32) 

8 = D cot ^ {33> 

and, to find the position of the crossings, 

T = Etu,(?^) (34) 

^ = ^" W 



T lin (» - 

Bin e 



(36) 



When = " the limiting angle," i. e, the greatest angle at 
which the gathering line can bo run aoroas the parallel lines, 
each crossing fits against the butt of the next stock-rail; no 
piece is put in, and no room is lost hetween theui ; if the 
gathering line be indefinitely oitonded, the tracks being equi- 
distant, each crossing in succession will occupy a similar 
position ; and there will be no fear of being jammed. 

The esamiuatioD of this case will be of aBBiBtonoe wbei« 
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economy of space baa to be atudied in laying out a yard, and 
will prevent tbe designer, perhaps, from proposing impossible 
arrangementB in the plan. 

To find S, the limiting angle, Y miiHt be equal to the 
earn of the length of the croseing, the lead, the switch, and of 
that part of tbe stock-rail whicli lies beyond the toe of the 
Bwitch and bntta against the crossing, while D must be equal 
to the least distance between tracks. 

Tins, with 7° 46' erossings on the metre gauge, V = 4' 

12 
+ 33' 9" + 15' 1" = 52' 10"; D = 12; sin 6 = ^^7^^; and 

e, the limiting angle, = 13^ 7' 41". 

When the gathering Hoe runs acroas tbe parallel lines at 

the angle of the crossings as in figure 10, S = a, and 

V = D coaec a (37) 

S = D cot <L (38) 

In this case we may, if we wish, put in compounds within 
the crossings as in figures 11 and 12, and the parallel lines and 
gathering line may cross one another. Thus in figures 11 
and 12 

T = Qcoseoa (39) 

E = a cot ^ (40) 

T = E (sec ^ - 1) (41) 

= V 2 E d (approximately) } 

74.— Three-throw Points and Crossings. 

Here (figure 13) the curve-lead is the same, but the switch- 
lead must be calculated for a double clearance: 

T = VT£CR- d) \ . . . (43) 

= 2 ^ Rd (approsimately) ) 
The lead, therefore, of the centre oiob6ui% a& \sisa b-i *«. 
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greatar length of the §witcb-leai] ; wbile thut of eeah outer 
crossing ia the saiue as UBnal. 

We may note, iu pasaiug, that such an arrangemeat may be 
made with a 1 in G and tvia 1 in 8^ orosBinga on the 5' C" gauge, 
the radius being 800 feet ; and with a 1 in 6 j and two 1 in 
9^ CTOsaiugs on the metre gauge, the radius being 600 feet ; 
or, with a 10° 45' crossing and two 7° 45' crossings on the 5' 6" 
gauge, the radius being 600 feet ; and with an 11° 0' crossing 
and two 7° 15' croasiiigB on the metre gauge, the radius heing 
860 feet. 

75.— Triangles. 

At temporary termini, where turntables will not ultimately 
be iec]^uired, it is usual to put in triangles for reversing 
engines. 

One arrangement of triangle ia that shown in Fig. 14. So 
for as the purpose of turning the engine is concerned, the third 
side A B is not neuessary, hut it generally forms part of an 
already existing through siding. 

The distance from the theoretical springing of the curve of 
crossing A to that of orossiug B is obviously equal lo 2 B - G, 
where B is the radius of the crossing rails ; and the perpen- 
dicular distance from the theoretical springing of crossing C to 

the centre of the track A B is equal to B - ^ . 

Hence, if S = distance between the crossings A and B, and 
L'l = curve-lead of each of those crossings, 

S = 2K-G-2L', (4i) 

and if D = distance of crossing Q from the centre-line of the 
track A B, and L'o the curve-lead, 



G 



-L'„ 



(45) 



The crossings A and C have the same angle, while that of 
O^ aboaea to suit the partioulai radioa. 
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Thus, on the 5' 6'' gauge, 1 in 8^ crossings may be placed at 
A and B, and a 1 in 6 at C. Moreover, 

K = 802-99; S = 1,41210"; and D = 73310". 

If a triangle be laid out as shown in figure 15, it occupies 
the least possible space for a given limiting radius. The 
arrangement is equiangular, each crossing having the same 
angle. 

Let B = radius of the crossing rails ; S = distance between 
the crossings ; and L' = curve-lead of each of the crossings. 

Then, evidently, 

S=R-LV3" (4:6) 

Thus, on the 5' 6" gauge, with a 1 in 6 crossing at A, B, and C, 
R = 800; L' = 66'5"; S= 685. 



76. — Crossing more than one Line; Diamond 

Crossings. 

Beferring to figure 16, in order to obtain the curve-leads 

or distances from the theoretical springing of the curve on the 

first line, we must substitute for G and B in the formula for 

curve-lead, 

1! = >/('2B - G) G, . 
thefoUowing:— 



for No. 1 crossing 
for No. 2 crossing 
for No. 3 crossing 
for No. 4 crossing 
for No. 5 crossing 

Thus we have — 

L\ = V(2B-G)G 



G and B, 
D - G and B - G, 
D + G and B, 

2D - G and B - G, 

2D -h G and B. 



L'a = V (2B - G - D) (D - G) 
L'3 = V(2B-.G-D) (D + G) 



and BO on. 



L',= V(2B-G-2D)(2D-G) 



(47) 



\ 
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To determino the crossings : 



sm ai = 



B 



sm 02 = 



L' 



B-G 



L'3 I 
sin as = j^ 



sm a^ = 



sm ttfl = 



L'. 



K-G 



£ 



(48) 



The case of crossings on mixed gauges is similar, and need 
not be more particularly described. 



77.— -Tables. 

In addition to tables of dimensions for points and crossings, 
turnouts, and crossovers for the 5' 6", the metre, and the 4! 8^" 
gauges (including special tables for the old and new standard 
crossings in use on Indian State railways), a graphic diagram 
is given at the end of the book, but, the scale being a small one, 
more for the sake of example than use. The universal applica- 
tion and concise completeness of such graphic diagrams, and 
their practical superiority over tables of figures are obvious 
enough ; and the object of the table of numbers, angles, 
radii, curve-leads, switch leads, and leads for crossings for each 
gauge is to enable the student to plot such graphic diagrams to 
a larger scale for his own use. 
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CHAPTER IV. 
SIMPLE RULES. 

78. — To Set out a Curve by Oflfeets. 

Bule. — To find O, the full offset for 100 feet chords, divide 
10,000 by the radius R (figure 17). 
Formula, — 

o = iT W 

Proof. — By similar triangles in figure 17. 


C " R 

■■•»=? 

10,000 
• • " " ~R~ 

Directions. — ^Having placed a flag at the tangent peg, measure 
100 feet along the tangent and place a second flag. From the 
latter, at right angles to the tangent, measure half the ofifeet O, 

i. e. X , and drive a peg at the point thus found, the second point 
2 

on the curve. 

From here, in line with the tangent and second pegs, 

measure 100 feet and place a flag. Then shift the chain until 

the leader*s end is at a distance equal to the offset O from the 

flag, while the follower's end is still held at the second peg. 

Drive a peg at the leader's end of the chain. This will be the 

third point on the curve. 
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The fourth and succeediDg poiots may be found in the same 
way as the third, until the end of the curve is reached. 

Here the direction of the tangent is determined by laying off 

the half-offset, ^, instead of the full offset, O. 

Example."Let R = 1273 • 2. Then, 

10,000 



= 



1273-2 



= 8-1449 
0=8' If". 



79. — To Set out a Diversion from a Straight Line. 

Bule, — To find L, the length of each half of the diversion 
(Fig. 18), add together the square (S*) of the straight portion 
between the reverse curves and the product (4 R D) of four 
times the radius into the maximum distance of the diverted 
from the main line ; subtract the square (D') of the maximum 
distance ; aod take the square root of the result. 

To find the tangent (T), divide the product (RD) of the 
radius into the maximum distance by the sum (L + S) of 
the half of the diversion and the length of straight between 
the reverse curves. 

FormuUe, — 



L = VS* + 4KD -D« .... (50) 



Proof.— By similar triangles in figure 18, 

T _ D 
E " L + S 
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Again, 

L = 2T + V(2T + S/- D« 

.-. (L-2T)« = (2T + Sy-D^ 

/. L« = 4T(L + S)+S*-D'^ 

.-. L = VS2 + 4KD - h\ 

Directions, — From the middle point of the line, which is to 
bo diverted, set off the maximum offset D. From the middle 
point of the diversion thus determined, measure parallel to the 
main line and in both directions the tangent lengths T. This 
fixes on each side one extremity of the common tangent lines. 

From the middle point of the line, which is to be diverted, 
measure along the line in both directions the half length L. 
This determines the beginning and the end of the diversion, 
from each of which again the distance T must be measured 
back along the line, to fix on each side the other extremity of 
the common tangent lines. 

These may now be lined in, and the four tangent lengths T 
measured off, leaving the required length of straight S in the 
middle. 

We have now fixed all the points that we require, and the 
line of the diversion may be laid in accordingly. 

If necessary, a piece of straight may be allowed for at the 
middle of the diversion by making the whole length of the 
diversion so much longer ; but, unless a long piece of straight 
is required, it is better to make the middle curve continuous, 
as' shown in the figure, to avoid having to work off and resume 
the superelevation of the outer rail on the curves. 

Example.— Jjei B = 1000, S = 100, and D = 50. 
Then 

L = V 1002 + (4 X 1000 X 60) - 602 
. • . L = 466 J, and the Yrhole \.eii^\i = ^ W fe^V 
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_ _ 1000 X 50 
" 455^+100 
.-. T = 90 feet. 



80.— To Find the RadiUB of a Curve. 
Bule. — Stretch a string 100 feet long upon the inside edge 
of the curved rails, and ineaBiire with a foot-rule the veraine or 
distance from the middle of the string to the rail. Then the 
radius E is very nearly equal to 15,000 divided by tt, the versine 
expresBed in iucbcB. 
Formula, — 

15,000 



E = 



where u = yersine in inohea. 



Example. — Lot tp 



lee. Then 
15,000 



■ (1) 



K = 1500 fset. 



81.— To Find the Cant Required on a Curve. 

iJufo.— Stretch a, etriug of a certain length, according to the 
gauge and niasimum speeds of trains, upon the inside of the 
curve. Then the versine is equal to the required cant. 

On the 5' 6" gauge the length of this string should be equal 
to one and three-quarter times V, where V is e:spressed in 
miles per hour. 

On the metre gauge, the utriog ehonld be one and one-third 
times V. 

On the 4' RJ" gauge, the Btring should be one and three- 
fifths V. 

also the table of chords determining the cant, which is 
f tta end of the book. 
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(5* r gmnge) C = Ij T| 
(metre gauge) C = IJ TV .... (2^^ 
(4' Si" gauge) C = IJ vj 

where G == the required length of striDg and Y = the maximum 

speed of trains in miles per honr. 

Exawtple. — On the metre gaoge, let Y = 80 miles per hour. 

Then 

C = li X 30, 

.-. C = 40 feet 

If^ therefore, a string 40 feet long he stretched along a curve 
whose radius is 1000 feet, for example, we shall find that the 
versine is 2f inches, and this is the cant or superelevation 
which must be given to the outer raiL 

82.— To find how mnch a Rail should be bent to suit 

a Cnrve. 

Bfde. — ^If C be the length of the rail, divide three times C* 
bj twice the radius B, these being expressed in feet. The 
result will give v, the versine expressed in inches; and the 
rail must be curved until, if a string be stretched from end to 
end, the distance from the middle of the string to the rail is 
equal to v. 

FormtiUL, — 

where C and B are expressed in feet and v in inches. 
Example.— Let C = 24 feet and B = 1200. 

_ 3 X 24 X 24 
^ " 2 X 1200 ■ ' 

.•• r = f inch. 
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83. — To find the Number of a Crossing. 

Sule. — If intersecting etringB bo laid along the gange-linoa 
or edges of the cruasiug, the number I of the crossing is 
measuied bj the distance in feet from the iatcrsectiurt of the 
8tringH beyouil the nose to the point on one string whence the 
perpend icnlnr offset to the other string is eqaal to 1 foot. 

Example. — If the distance at 'which the offset is 1 foot be 
9' 9" the crosaing is called a " 1 in 9f," and the number of the 
croasiiig is 9'7B, or 9J-. 

84. — To find the Badias of a Crossing. 
JBiile, — Multiply I^, or the aquare of the number of the 
crossing (Fig. 2), by twice tlie gauge, or 2 Q. Fur a closer 
approsiniatioa add 1^ G to the result. 
Formula.- — 

E = 2 G r -I- l.i G (5a) 

Example.— Let G = 5' 6" and I = 8J. Then 

E = {2x6.ix8Jx8i)+8J, 
.■- K = 803. 

Now the accurately calculated radius is 802-99, so that the 
approximation is wonderfully close. 

To test the formula by another example, let G = 3' 3J" and 
I = 12. Tlien, 

E = (2 X 3-2809 x 12 X 12} + (IJ x 32809); 

.-. E = 949-82, 
which scarcely differs at all from 949-83, the actual radius. 

85.— To find the Lead of a Crossing. 

Sule. — On the 5' 6" gauge multiply the number of the 

crossing (Fig. 2) by eight and one quarter; on the 3' 3^" gauge 

by four and three-fifths ; and on the 4' 8i^" gauge by six and 

foar-Htths. 
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Fcrmulm, — 

(5' 6" gauge) L = 8^:1 1 

(metre gauge) L = 4JI I (12) 

(4'8rgauge)L = 6|lj 

where L = lead of crossing. 

Example.—Let G = 6' 6" and I = 8^, Then, 

L = 8ix 8^; 

.-. L = 70i feet. 

NoN¥, the actual lead is 70, so that the approximation is 
sufBciently close for all ordinary purposes. 

86. — To find the Crossing required in any Case. 

(1 ). Turnout with a curve at a given radius from a straight 
line (Fig. 2). 
Formula. — 

^=\/S ^''>- 

Example,— On the 5' ^" gauge let R = 1100. Then, 

^ 2x5i 
.-. 1 = 10 

that is, a 1 in 10 crossing may be used. 
(2). Curves of contrary flexure (Fig. 3). 
Formula, — 

where Ei and R, are the radii of the curves, which turn off to 
right and left. 

Example. — Let G = 6' 6", Rj = 2475, and Ra = 1980. 
Then, 

I^ ^ / 2475 X 1980 

^ 2x 4455 X 6i 
.-. 1 = 10 
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that IB, ft 1 in 10 crosBing will suit this case alao, 
(3). Curves of similar fleiure (Fig. 4). 
Formula. — 



^~V2^ 



R^E^ 



-R^G 



■ (26) 



where B , and E.^ are the radii of the oiirves, which both tnm 
off ia the same direction. 

Example.— Let G = 5' 6", Ej = 1650, and E^ = 660. 
Then 



"V: 



J650 X ( 



a that a 1 in 10 croBeing will suit thia c 
s in every caae 82' 3". 



e also, and the lead 



87. — To Find the Distance from Noae to Nose of 
CrossingB in a Crossover. 

fiafc. — ^When the intcnnodiate portion is straight, the 
dietance S (Fig. 6) from iiobg to nose of crOBsinga moasured 
along ons of the straight main lines is eqnal to the numher I 
of the croeaing multiplied by the difference between D, the 
dietance from centre to centre of main lines, and 2 G, twice the 



S = I (D - 2 G) . 



(30) 



Example. — Let G = 5' 6" and D = 15, each crossing beioga 
. in 8i. Then 

S = 8i (15-11)- 
.', 8 = 34 feet. 



Now by the exact formula thia would be 33' : 
the difference ie inBignificant. 



, BO that 
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POINTS AND CROSSINGS. 

Table of Numbbrs, Angles, Radii, Curve-leads, Switch-leads, 

AND Leads of Crossings. 



Number. 
I. 


Angle. 
a. 


RadfuB. 
R. 


Curve-lead. 
L'. 


Switch-lead. 
V, 


Lead. 
L. 


1 1 
Gauge = 5' 6". Clearance = 4}' 


'. Switchcfi 


1 = 12' and 15'. 


12 


9 t n 

4 45 49 


1592-24 


132-23 


33-57 


98 8 


11 


5 11 40 


1339-24 


121-25 


30-79 


90 5| 


10 


5 42 88 


1108-24 


110-27 


28-01 


82 3 


9 


6 20 25 


899*24 


99-81 


25-23 


74 1 


8 


7 7 30 


712-24 


88-34 


22-45 


65 lOf 


7 


8 7 48 


647-24 


77-89 


19-68 


57 8J 


6 


9 27 44 


404-23 


66-46 


16-91 


49 6} 


5 


11 18 36 


283-22 


55-54 


14-16 


41 4} 


1 
Gauge = 3' 3|". 


Clearance = I 


{f . Switche 


s = 9' and 12'. 


12 




949-82 


78-88 


23-95 


54 111 


11 




798-90 


72-33 


21-97 


50 4i 


10 




661-10 


65-78 


19-98 


45 9} 


9 

8 


As above 


636-42 
424-87 


69-24 
52-70 


18-00 
16-02 


41 3 
36 8| 


7 




326-45 


46-17 


14 04 


32 1} 


6 




241-14 


39-64 


12-07 


27 6i 


5 




168-95 


33-13 


10-10 


23 OJ 


Gauge = 4' 8J". ( 


Clearance = 4 


1" SwitclM 


58 = 12' and 15'. 


12 




1363-05 


113-20 


31-97 


81 2f 


11 




1146-06 


103-80 


29-32 


74 5f 


10 




948-72 


94-40 


26-67 


67 8i 


9 

8 


As above 


769-80 
609-72 


85 01 
75-63 


24-03 
21-38 


60 llf 
54 3 


7 




468-47 


66-25 


18-74 


47 6 


6 




346-05 


56-89 


1611 


40 9| 


5 




242-46 


47-55 


13-48 


34 Of 
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INDIAN STATE RAILWAYS, 5' 6" GAUGE. 

Points and Crossings. 



Number. 
1. 


Angle, 
a. 


Radius. 
R. 


Curve-lead. 
L'. 


Switch- 
lead. 

v. 


Lead. 
L. 


Remarks. 


5-2671 


O t II 

10 45 


313*48 


( II 
58 6 


14 11 


1 
43 


II 
7 


Old standard 


7*3479 


7 45 


602*14 


81 3 


20 8 


60 


7 


crossings, still 


9*9810 


5 45 


1,098*11 


109 6 


27 10 


81 


8 


in use. 


6 

8* 
12 


9 27 44 
6 42 35 
4 45 49 


404*23 

802*99 

1,592*24 


66 5 

93 10 

132 3 


16 10 
23 10 
33 7 


49 
70 

98 


7 

8 


« 

New standard 
crossings. 



TUBNOUTS AND ObOSSOVEBS. 







Straight Intermediate Portion (Figures 6 and 6). 

S. 




Crossing. 








D = I3i. 


D= 14. 


D= 16. 


D= 16. 


D= 18. 


D = 20. 


O 1 


• /I 


/ // 


1 II 


1 II 


/ ir 


/ It 


10 45 


12 8 


15 3 


20 7 


25 10 


86 4 


46 11 


7 45 


18 


21 8 


29 


36 4 


51 1 


65 9 


5 45 


24 7 


29 6 


39 5 


49 4 


69 3 


89 1 


lin6 


14 7 


17 7 


23 7 


29 7 


41 7 


53 7 


lin8} 


20 11 


25 2 


33 8 


42 2 


59 2 


76 2 


linl2 


29 9 


35 9 


47 9 


59 9 


83 9 


107 9 


o 'v.. 




• 1 
Curved Intermediate Portion (Figures 7 and 8). 




10 4S 


11 10 


14 2 


18 9 


23 1 


81 6 


89 5 


7 45 


15 11 


19 9 


25 7 


81 8 


48 6 


54 7 


5 45 


23 3 


27 8 


36 4 


44 8 


60 7 


75 8 


lin6 


18 9 


16 5 


21 8 


26 8 


86 8 


45 8 


lin8} 


19 9 


23 7 


30 11 


38 1 


51 8 


64 7 


linl2 


28 2 


33 6 


43 11 


54 


73 4 


91 6 










1 I 


N _ 
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INDIAN STATE RAILWAYS. a'3|" QADQE.. 
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edition, 32mo, clotb, is. td. 

A Complete Set of Contract Documents for a Country 

Lodge, comprisinc Drawings, Specifications, Dimenjions (for quantities). 
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A Practical Treatise on Natural and Artificial 
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Author of the ' Science and Art of the Manufacture of Pr.rtland CemenL' 
Nen Edition, with 59 vioodcuts and 5 plates, 8vo, clotli, 15/, 

Notes on Concrete and Works in Concrete; especially 

wrillen to assist those engaged upon Public Works. By John Nbwuan, 
Assoc. Mem. InsL C.E., crown Evo, clotb, 4^. Gi/. 

Electricity as a Motive Power. By Count Th. Du 

MONCBL, Memhre de I'lnslilut de France, and FRANK Geraldy, Ing^ 
nieur des Punts et Chaussees. Translated and Edited, with Additions, by 
C.J. Wharton, Assoc Soc TeL Eog. and Elec. With 113 ingraxdngi 
and diagram!, crown Svo, cloth, Ji. &/. 

Treatise on Valve-Gears, with special consideration 

of the IJnk-Motions of Locomotive Engines. By Dr. GusTAV Zeunkr, 
Professor of Applied Mechanics at the Confederated Polyteehnikum of 
Zurich. Translated from the Fourth German Edition, by Professor J. F. 
Klein, Lehigh University, Bethlehem, Pa. Illustrattd, Svo, clo ji, \zt, W. 

The French - Polisher's Manual. By a French- 

Polisher; contabing Timber Staining, Washing, Matching, Improving, 
Painting;, Imitations, Directions for Staining, Sizing, Embodying, 
Smoothing, Spirit Varnishing, French- Polishing, Directioiu for Ke- 
polishing. Third edition, royal 32mo, sewed, &/. 

Hops, their Cultivation, Commerce, and Uses in 

various Countries. By P. L. Simmonds, Crown Svo, cloth, 4/. (>d. 

The Principles of Graphic Statics. By George 

SVDENKAM Clarke, Cipl. Royal Engineers. With 112 Ulaitratiem. 



b^ 



410, cloth, IZr. 6d. 



PUBLISHED BY E. & F. N. SPON. 



Dynamo- Eleciric Machinery : A Manual for Students 

of Electro- technics. By Silvanos P. Thompson, B.A„ D.Sc, Professor 
of Eicperi mental Physics in University College, Bristol, etc, etc. Third 
edition, illuilrattd, Svo, cloth, 16/. 

Practical Geometry, Perspective, and Engineering 

DrawiHg; a Course of Descriptive Geometry adapted to the Require- 
ments of the Engineering Draughtsman, including the determination of 
cast shadows and Isometric Projection, each chapter being followed by 
numerous examples ; to which are added rules for Shading, Shade-lining, 
etc., together with practical instructions as to the Lining, Cdlounng, 
Printing, and general treatment of Engineering Drawings, with a chapter 
on drawing Instruments. By Georgb S. Claiiicb, Capt. R.E, Second 
edition, ■milh zi f tales, i vols., cloth, lar. Cui. 

The Elements of Graphic Statics. By Professor 

Karl Von Ott, translated from the German by G. S. Clarkb, Capt. 
R.E., Inilructor in Mechanical Drawing, Royal Indian Engineering 
College. iVilh 93 UlHstratiens, crown 8vo, cloth, 5/. 

A Practical Treatise on tJte Mamtfacture and Distri- 

bulian a/ Coal Gas. By William Richards. Demy 4to, with numirnus 
wmd engravings and i<^ plalis, cloth, aS/. 
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ThomiKHi, Esq., M.R.C.S.— Co:il, 'i.^ 1' -'Iv '- . <--■; F- P.acrion, Lo»i> 'niompKm, uij 
O. R, Hlilas, E^n.— RctOTls, Ir^n >i. . < •-.- -1 .- n ^i:itlni— Hydraulic Main— Cai»- 
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The New Formula for Mean Velocity of Discharge 

ef Rivers and Canals. By W. R. KuTTBR. Translated from articles in 
the ■ Cultur-Inginieur,' by Lowis D'A. Jackson, Assoc. Inst, C.E. 
8vo, cloth, ixs.dd. 

The Practical Millwright and Engineers Ready 

Rtekaaer; at Tables for finding the diameter and power of cog-wheels, 
diameter, weight, and power of shafts, diameter and strength of bolts, elc. 
By TuoMAS OlXDK. Fourth edition, izmo, cloth, 3;. 

Tim Describing the Chief Methods of Mining, 

Dressing and Smelting it abroad ; with Notes upon Arsenic, Bismuth ani 
Wolfram. By Arthur G. Cjiarleton, Mem. American Inst, -jf 
Mining Engineers. iVithplales, Svn. cloth, lij. 61/. 
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Perspective^ Explained and Illustrated. By G. S, 

Clarke, Capt. R.E. With muslrathm, 8vo, cloth, y. 6rf. 

Practical Hydratdics ; a Series of Rules and Tables 

for Ihe use of Engineers, etc., etc. By THOMAS Box. Fifth edition, 
numerout plain, post 8vo, cloth, S^- 

The Essciitial Elements of Practical Mechanics ; 

baud cK Ikt Printiph of Work, designed for EnEineering Students. By 
Oliver. Bvrnk, formerly Professor of Matliemalica, College for CivU 
Engineers, lliird edition, with 148 -wood engravings, post 8vo, clotb, 
7/. 6d. 
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Chip. I. Kdw Work is Measured by s Unit, botti iirilh Had witlioMt rcrcrence Id a Uidt 
af Time— Cilia. 1, The Work of Living Aaenu, Ihe Influence of Fiicdon, and JDUnducB 
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simple Machinu— Chap. 5. VkM PropositionE and Rules. 

Breweries and Mailings : their Arrangement, Con- 
struction, Machinery, and Plant. By G. Ecamell, F.R.I. B.A. Second 
edition, revised, enlarged, and partly rewritten. By F, CoLYBR, M.LC.E^ 
M.I.M.E. mih iofilata, 8vo, doth, i8j. 

A Practical Treatise on ihe Construction of Hori- 

eontal and Vertical Walerwheets, specially designed for the use of opeT«< 
live mechanics. By W1L1.IAM Citllen, Millwright and Engineer. IVilk 
II ptata. Second edition, revised and enlarged, small 4I0, cloth, lu. 6A 

A Practical Treatise on Mill-gearing, Wheels, Shafts, 

Rig^rt, tic; for the use of Engineers. By Thomas Box. Third' 
edition, with 11 plata. Crown 8vo, cloth, ^s, ftd. 

Mining Machinery: a Descriptive Treatise on the 

Machinery, Tools, and other Appliances used in Mining. By G. G., 
ANDRi, F.G.S., Assoc. InsL C.E,, Mem, of the Society of Engineers, 
Royal 4to, uniform with the Author's Treatise on Coal Mining, cr- 
taining iSl platrs, accurately drawn to Ecole, with descriptiTC text, 
3 vols,, dolh, 3/. 12/. 

Contests i 

Machinery for Proipecling, Eicavailn 
Treatinenl of Miaeral Fioducti, iadudiJ 
Coal, Sulpha, China Clay, Itrick Earlh, . 

Tables for Setting out Curves for Railways, Canals^ 

XoaJi, etc., varying irom a radius of live chains to three miles. By ' 
Kennedy utd H. W. Hackwooo. lUusiraled, s^mo, cloth, -" 
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The Science and Art of the Manu/aciure of Portland 

Cement, with observations on some of its constructive applitatioiw. With 
66 Uhtstralions. By Henrv Reid, C.E., Author of 'A Practical 
Treatise on Concrete,' etc., elc. Svo, doth, iSr. 

The Draughtsman's Handbook of Plan and Map 

Dratving; including instructions for the preparation of Engineering, 
Architectural, attd Mechanical Drawings. IVith ntlmcroHi iliHstratioiit 
in Ike text, and 33 filatei {15 printed in eolauri). By G. G. Andrk, 
F.G.S., Assoc. Inst. C.E. 4to, cloth, gi. 
Contents : 

The Dtbwidk Office and [u FumiihltiEs-GcBmelrlciil PrablEini— LIn«. Dot.% <u>d lfa«r 
Combinjitiona— Calgurs, Shsding, Lcttcriog. Burderitig. uxl Nunli Points— Scales— FlDtlini; 
-Civil Engineers' and Surveyun' ['lan^— Map Drawing— Mechanical and Atchilecluna 

The Boiler-maker^ s andiron Ship-builder s Companion, 

comprising a series of originai and carelially calculated tables, of the 
"ntmoBt utility to persons interested in the iron Irailes. By James Fodkit, 
author of ' Mechanical Tables,' etc. Second edition revised, Ji'i'rt illuitra- 
liens, crown Svo, cloth, 55. 

/?ock Blasting: a Practical Treatise on the means 

employed in Blasting Roclis for Industrial Purposes. By G. G, Andr£, 
F.C.S., Assoc. Inst. C.E. U'lti l& iUuslralwiis and r I /-/j/i-i, Svo, cloth. 



Painting and Painters Manual: a Book of Facts 

for Painters and those who Use or Deal in Paint Materials. By C. L, 
CoNDiT and J. Schelleh. IlluslrafeJ, Svo, cloth, lot. 6d. 

A Treatise on Ropemaking as practised in public and 

private Rape-yards, with a Description of the Manufacture, Rules, Tables 
of Weights, etc., adapted to the Trade, Sliippiiig, Mining, Railways, 
Builders, etc. By R. CHAPMAN, formerly foreman to Messrs. Huddart 
and Co.. Limehouse, and late Master Ropemaker to H.M. Dockyard, 
Deptforid. Second edition, izmo, cloth, 3/. 

Laxton's Builders' and Contractors' Tables ; for the 

use of Engineers, Architects, Surveyors, Builders, Land Agents, and 
others. Bricklayer, containing 22 tables, with neatly 30,000 calculations. 
4I0, clolh, is. 

Laxtons Builders' and Contractors' Tables. Ex- 
cavator, Earth, I.ond, Water, and Gas, containing S3 tables, with neatly 
34,000 EalculaClons. 410, cloth, t,s. 
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Egyptian Irrigation. By W. Willcocks, M.I.C.E., 

Indian Public Works Deportment, Inspectot of Irrigation. Egypt. With 
Introduction hj LicuL-Col. J, C. Ruse, R.E.. Inspector-General of 
Irrigation. With nKmerous lilAcgraJihs and wood aigravings, loyal 8vo, 
cloth, l/. l6s. 

Screw Cutting Tables for Engineers and Machinists, 

giving the values of the different trains of Wheels requited to produce 
Screws of ssty pitch, calculated by Lord Lindsay, M.F., F.R.S^ F.R.A.S., 
etc Cloth, oblong, aj. 

Screw Cutting Tables, for the use of Mechanical 

Engineers, showing the proper arrangement of Wheels for cutting the 
Threads of Screws of any required pitch, with a Tab!e for making the 
Universal Gas-pipe Threads and Taps. By W. A. Martin, Engineer. 
Second edition, oblong, cloth, u,, or sewed, Ci 

A Treatise on a Practical Method of Designing Slide- 

Vahie Gears by Simfilt Grametrical CanstnicHcn, based upon the principlei 
enunciated in Euclid's Elements, and comprising the various forros of 
Plain Slide- Valve and Eipansion Gearing ; together with Stephenson's, 
Gooch's, and Allan's Link-Motions, as applied either to reversing or to 
variable expansion combinations. By Edward J. Cowling Welch, 
Memb. Inst. Mechanical Engineers. Crown 8vo, cloth, 6s. 

Cleaning and Scouring : a Manual for Dyers, Laun- 
dresses, and for Domestic Use. By S. Christopheb. jSmo, sewed, (uL 

A Glossary of Terms -used in Coal Mining, By 

WiLLtAM Stukelev Greslev, Assoc. Mem. Inst C.E., F.G.S., Member 
of the North of England Institute of Mining Engineers. lUuilralid mttk 
numetetis woodcuti and diagrams, crown Bvo, doth, 5/. 

A Pocket-Book for Boiler Makers and Steam Users, 

comprising a variety of useful information for Employer and Workman, 
Government Inspector, Board of Trade Surveyors, Engineers in charge 
of Works and Slips, Foremen of Manufactories, and the general Steam- 
using Public. By MAtTHica John Sbxton. Second edition, roy^ 
32mo, roan, gilt edges, 5j. 

Electrolysis: a Practical Treatise on Nickeling, 

Coppering, Gilding, Silvering, the Refining of Metals, and the treatment 
of Ores by means of ElccTricily. By HiPPOLVTE FONTAINE, translated 
from the French by J. A. Berly, C.E., Assoc. S.T.E. Wilk engravinp. 
8vo. cloth. 9r. 
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Barlow's Tables of Squares^ Cubes, Square Roots, 

Cube Saols, RtciprccaU af alt Integer Numhert up ta 10,000. Poit 8vo, 
clolh, ds. 

A Practical Treatise on the Steam Engine, con- 
taining Plans and Arrangements of Details for Fixed Stenm Engines, 
with Essays on the Principles involved in Design and Construction. B/ 
Arthur Rigg, Engineer, Member of the Society of Engineers and of 
the Royal Institution of Great Britain. Demy 4to, copiouify Uluslraltd 
kqM 'oiau'nd'i onif 96 //ai'fr, in one Volume, half-bound morocco, aLzs.i 
or cheaper edition, cloth, 25/. 

Thii wortc [> nol, In my mue, an elemenlarT IrtaHw, or hlilury of Ihe sleua enelne, but 
U Inlsndcd 10 dcsctibe siiunplei of I'iied Steun Epiiincs wltbaul enlering InlD Die wide 
do m ii n Qf locumutita ur matihe practice, Ti> IhiB end UlualrHLJonB wiU be given of dm moel 
recenl imnEemenU of Hgriionu], Vertlcs], Beam, Pumpine, WiDding. Portable, Semi- 
portable, Coilus, Allen, Cumpound, and olher ■imilu- Eoginei, by the most emioent Flnni U] 
Great Britain and America. The laun reltulcg la the action and precautions to be obietved 
In the canilruclion of the various details lucli ai Cylbiden, I^oni, Piiton-rodh Connecdng- 
»di, Crou-beads, Mation-bloclu, EccenrHci. Simple, EipansiDp, Balanced, and Equilibrium 
Slide-valves, and Valve-gearinc will be n>Inule1v deall with. In Ihls CDnnecIion will b« found 
■nicies upon the Vgloclty of Redprocating Parts and the Mode of Applying the Indicalot, 

ILLuslrations from every pojiilblc source, and give only tho^e rules that present practice deemt 



A Practical Treatise on the Science of Land and 

EHgintcrmg Surveying, LevfUing, EstimaliHg Quantilifs, tU., with n 
general description of the several Instruments required for Surveying, 
Levelling, Plotting, etc By H. S. Merrett. Fourth edition, revised 
by G. W. UsiLl, Assoc. Mem. Inst. C.E. 41 plala, with illuitrationt 
andlables, royal Svo, cloth, as. Sd. 
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HUly Ground-To Survey an Estale or Parish by the Cfialn only-Surveying with the 
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Health and Comfort in House Building, or Ventila- 
tion leith ICarm Air by Sitf-Acling Suction Pcvier, with Review of the 
mode of Calculating the Draught in Hot-Air Flues, and with some nclunl 
Experiments. By J. Drysdalr, M.D., and J. W. Havward, M.D. 
Second edition, with Supplement, viilk platei, demy Svo, cloth, Is. f>d. 



The Assayers Manual; an Abridged Treatise on 

Ihe Dodmaslic Emuninolion of Ores nnd Furnace end other ArEilicial 
Producls. By BRUNO Kerl. Translated by \V, T. Bkannt. With 65 
iliuslraliont, Svo, cloth, izs. 6d, 

Dynamo - Electric Machinery : a Text - Book for 

students of Eleclro-Technology. By Silvanos P. Thompson, I3.A., 
D.Sc, M.S.T.E. Third Edition, revised and enlarged, Svo, doth, i6j. 

T/ie Practice of Hand Turning in Wood, Ivory, Shelly 

etc., with loslructions Tor Tumitig such Work in Metal as may be required 
in the Practice of Turning in Wood, Ivory, etc. ; also an Appendix on 
OniameDlal Turning. (A book for beginners.) By FRANCIS Campin. 
Third edition, witA ivonJ cngriivings, crown Svo, cloth, 5j, 
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Wuches -Keyless Watches— The Pendulum. orSplnl Spring— Compenudua— Jewelling A 
Pivot Holes— Oerken well— FillMies of ttie Trade— Incapacity of Wuilcnea— How to ChwH 
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Notes in MecMnical Engineering. Compiled prin- 
cipally for Ihe use of the Students attending the Classes on this subject at 
the City or London Coilege. By Hknev Ad*ms, Mem. InaL M.E., 
Mem. lust. C.E., Mem. Soc of Eugineeis. Crown Svo, clotb, si. bd. 

Canoe and Boat Building: a complete Manual for 

Amateurs, containing plain and comprehensive directions for the coa- 
struclion of Canoes, Rowing and Sailing Boats, and Hunting Craft. 
By W. P. Stephens. With numerous illustrations and 24 plaits oj 
Working Drawings. Crown 8vo, clolh, ^s. 6d. 

Proceedings of ike National Conference of Electricians, 

FkUadtlphia, October 8lb to I31h, 1SS4. tSmo, clotb, y. 

Dynamo - Electricity, its Generation. Application, 

Transmission, Storage, and Measurement. By G. B. Prescott. With 
■^l iUustratitins. 8 vo, cloth, U. \s. 

Domestic Electricity for Amateurs. Translated from 

the French of E. Hospitalieb, Editor of "L'Electricien," by C. J. 
Whabton, Assoc Soc Tel. Eng. Nunuram iUustratioHs, Demy 8to, 
cloth, 9J. 
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Wrinkles in Electric Lighting. By Vincent Stephen. 

With Ulustrations, tSmo, cloth, 3s. bd. 
















I The Practical Flax Spinner ; being a Description of 

I the Growth, Manipulation, and Spinning of Flax and Tow. by T.kst.t 
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Foundations and Foundation Walls for all classes of 

SuildiHgs, Pile Driving, Building Stones and Bricks, Pier and Wall 
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ByG. T. Powell and Y.Bauma^. %-iQ, ciovto.-voi.W. 
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Hydratdic Machinery, Past and Present. A Lecture 

delivered to ths Londou and Subiirbaa Railway Officials' AssodalioQ. 
By H. Adams, Mem. Inst. C,E. Folding plale, 8vo, sewed, li. 

Twenty Years with the Indicator. By Thomas Pray, 

JuiL, C.E., M,E., Member or llie American Society of Civil Engineer!. 
3 vols., royal 8vo, cloth, \2s. 6rf. 

Annual Statistical Report of the Secretary to the 

Members of Ike Iron and Sleel Association on tie ffeme and Foreign Iron 
and Sleel Industries in 1887. Issued March 18S8. 8vo, sewed, y. 

Bad Drains, and How to Test them; ■with Notes on 

the Ventilation of Sewera, Drains, and Sanilary Fittings, and the Origin 
and Transmission of Zymotic Disease. By R. Hakkis Reeves. Crown 
8vo, cloth, Jt. bd. 

Well Sinking. The modern practice of Sinking 

and Boring Wells, with geological consiileralions and examples of Wells. 
By Ernest Spon, Assoc. Mem. InsI, C.E., Mem. Soc. Eng., and of the 
Franklin Inst., etc Second edition, revised uid enlarged. Crown 8vo, 
doth, icw. 6d. 

The Voltaic Acctimtdator : an Elementary Treatise. 

By ^MTLE Reynier. Translated by J. A. Berly, Assoc Inst. E.E. 
Mith 62 illuslralions, Svo, cloth, 9*. 

iList of Tests {Reagents), arranged in alphabetical 
order, according to the naroes of the originators. Designed especiiJIy 
for the convenient reference of Chemists, Phaimadsts, and ScientisU. 
By Hahs M, Wilder. Crown 8vo, dolh, 4/. &/. 

I Ten Years' Experience in Works of Intermittent 

1 Doioinvard Filtration. By J. Bailey Denton, Mem. Inst. C.E. 

j Second eJilion, with additions. Royal Svo, sewed, 4J. 

A Treatise on the Manufacture of Soap and Candles, 
I ZtiMtanU and Glycerin. By W. Lant Carpenter, B.A., B.Sc (late 

U of Messrs. C. Thomas and Brollien, BrisWAV WUk iiituHf^unti. CiQwa 

^^_. Svc^ cloth, lOJ. M. 



The Stabiliiy of Ships explained simply, and calculated 

by a new Graphic method. By J> C> Sfbncb, M.I.N. A. 4to, sewed. 

Steam Makings or Boiler Practice. By Charles A. 

Smith, C.E. Svo, doth, loi. dd. 
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Locomolive and Miiniii Boilin— <. Dctifn. CcnBDuclian, iind' SuonElh 
^[n of Boiler Fiitingt and' AppurUDUUB. 

The Fireman's Guide ; a Handbook on the Care of 

Boilers. By Tbkholoo, rdrcninEcn T- 1. Stockholm. Translated from 
the third edition, and revised by Kahl P. Daulstrom, M.E. becond 
edition. Fcap. Svo, clotb, 3s, 

A Treatise on Modem Steam Engines and Boilers, 

including Land Locomotive, and Marine Engines and Boilers, for the 
use of Students. By Fredbrick Colvkr, M. fiut. C.E., Mem. Inst M.E. 
With itflaUi. 4to, clolh, a^j. 

I. IntrDduclion— 9. Orieinnl Entinti— i. Bollert— .. HiEh-Prcuure Beun EnnDci— s, 
Conibh Beiun EheIdu— 6, Horizontal Engines— 7. Oicitlxini Foginei— S. Vctllul Hlih- 
FrmuTE Ejiiinu'-s, Special Engioei— 10. Funnbls EdeIdisi— ii. Luccmolive Eoginet— 
■a. Marine EngiDU. 

Steam Engine Management; a Treatise on the 

Wotking and Management of Sleam Boilers. By F, CoLyer, M. Inst. 
C.E., Mem. lust. M.E. iSmo, cloth, 21. 

Land Surveying on the Meridian and Perpendicular 

Syilem. By W:lliam Penmah, C.E, Svo, cloth, &■ dJ. 

The Topograplier, his Instruments and Met/tods, 

desired for Ihe use of Students, Amateur Photographers, Surveyor*, 

Engineers, and all persons interested in the location and coa'- ''— '' 

works based upon Topograpby. Illustrated tiiitk numireus j». , — ^-, 

and eHgravings. By Lewis M. ICauft, A.M. Svo, cloth, iSr. 

A. Text-Book of Tanning, embracing the Preparation 

of all kinds of Leather, By Harry R. Proctok, F.C.S., of Vnvt Li'jjvyt 
Taiinerie$. With illuitralioHS. Crown &vo, dofti, vaj.W, 



ofal 
I Tarn 



"m 


Id mpei-tojal Svo, ii6S pp., wjM 14« aiuiltalimt, in 3 Diidsions, cloth, price 131. 6d. ■ 
each ; ot . »ul., dodi, =/, : or half-morocco, ^l. Bi. 1 


A SUPPLEMENT ' 


SPONS- DICTIONARY OF ENGINEERING. J 


Edited by ERNEST SPON, Mbmb. Soc. Engineers. | 


Abacus, Counters, Speed 


Coal Mining. 


Lighthouses, Buoys, and 


Indicators, and Slide 


Coal Cutting Machines. 


Beacons. 


Rule. 


Coke Ovens. Copper. 


Machine Tools. 




Docks. Drainage. 


Matciials of Construc- 


and MacliLnery. 


Dred^ng Machinery. 


tion. 


Air Compressors. 


Dynamo - Electric and 


Meters. 


Animal Charcoal Ma- 


Magneto-Electric Ma- 


Ores, Machinery and 


chinery. 


chines. 


Processes employed to 


Antimony. 


Dynamometers. 


Dceas. 


Axles and Axle-boxes. 




Piers. 


Bam Machinery. 


Telegraphy, Electric 


Pile Driving. 


Belts and Belting. 


Lighting and its prac- 


Pneumatic Transmis- 


Blasting. Boilers. 


ticaldetailSjTelephones 


sion. 


Brakes. 


Engines, A^arielies of. 


Pumps. 


Brick Macliinery, 


Explosives. Fans. 


Pyrometers. 


Bridges. 


Founding, Moulding and 


Road Locomotives. 


Cages for Mines. 


the practical work of 


Rock DriUs. 




the Foundry. 


Rolling Stock. 


Integra!. 


Ga'i, Manufacture of. 


Sanitary Engineering. 


Canals. 


Hammers, Steam and 


Shafting. 


Carpentry. 


other Power. 


Steel. 


Cast Iron. 


Heai Horse Power. 


Steam Navvy. 


Cement, Concrete, 


Hydraulics. 


Stone Machmery, 


Limes, and Mortar. 


Hydro- geology. 


Tramways. ^^^ 


Chimney S baits. 


Indicators. Iron. 


Well Sinking. ^^^H 


Coal Cleansing and 


Lifts, Hoists, and Eleva- 


^^^^1 


Washing. 


tors. 


^^H 


London: E. & F. N. SPON, 135, Strand. 1 


NewTork: 18, CorUandt Street. ^^^^^^^M 



^^ NOW COMPLETE. ^^ 


IVilk nearly i<,<xi ilhislralions, in siiper-rojal 8vo, in J Divisions, cloth. 


Divisions I to 4, 13/. 6./. each ; Division 5. 17J.W.; or a vols., ctoth, if3 loj. 


SPONS' ENCYCLOPEDIA \ 


: INDUSTRIAL ARTS, MANUFACTURES, AND COMMERCIAL 


^K PRODUCTS. 


^^|r Edited by C. G. WARNFORD LOCK, F.L.S. 


1 .Jlkmong the more important of the subjects treated of, are the 


following L— 


Acid*, 20; pp. a TO figi. 


Fur, 5 pp. 


Photography, 13 pp. 20 


Alcohol, 83 pp. 16 liga. 


Gas, Uoal, 8 pp. 


figs. 


Alcoholic Liquors, 1 1 pp, 


Gems. 


Pigments, 9 pp. 6 figs. 


Alkalies, 89 pp. 78 figs. 


Gloss, 45 pp. 77 figs. 


Pctlery, 46 PP; 57 figs- 
Printing and Engraving, 


AUoys. Alum. 
Asphalt. Assaying. 
Beverages, 89 pp. 29 figs. 


Grapliite, 7 pp. 


Hair, 7 pp. 


20 pp. S figs. 


Hair Manufactures. 


Rags. 


Blades. 


Hats, a6 pp. 26 figs. 


Resinous and Gummy 


Bleaching Powder, 1 5 pp. 
Bleaching, sr pp. 48 figs. 


Honey. Hops. 


Substances, 75 pp. l6- 


Horn. 


figs. 


Candles, 18 pp. 9 figs. 


Ice, 10 pp. 14 figs. 


Rope, 16 pp. 17 figs. 


Indiorubber Manufac- 


Salt, 31 pp. 23 figa. 
Silk, S pp. 


Celluloid, 9 pp. 
Cements. Clay. 


tures, 23 pp. 17 figs. 


Ink, 17 pp. 


Silk Manufactures, 9 pp. 


Coal-tar Products, 44 pp, 


Ivory, 


II figs. 


14 figs- 


Jute Manufactures, u 


Skins, 5 pp. 


' Cocoa, 8 pp. 


pp., II figs. 


Small Wares, 4 pp. 


Coffee, 3a pp. 13 figs. 


Knitted Fabrics — 


Soap and Glycerine, 3? 


, Cork,.8 pp. 17 figs. 


Hosiery, IS pp. 13 figs. 
Lace, 13 pp. 9 figs. 
Leather, 28 pp. 31 figs. 


pp. 45 figs. 


Cotton Maonfactures, 62 


Spices, 16 pp, 


1 PP- 57 figs. 


Sponge, 5 pp. 
Starch, 9 pp. 10 figs. 


1 Dnips, 38 pp. 


Linen Manufactures, iG 


Dynng and Calico 


pp. 6 figs. 


Sugar, iss PP- i34 


Printing, a8 pp. 9 figs. 


Manures, 21pp. 30 figs. 


figs. 


DyestaBs, 16 pp. 
Electro. MetaQurgy, 13 


Matches, 17 pp. 38 figs. 


Sulphur. 


Mordants, 13 pp. 


Tannin, iS pp. 1 


Explosives, 22 pp. 33 figs. 


Narcotics, 47 pp. 


Tea, 12 pp. ■ 


Nuls, 10 pp. 

Oils and Fatty Sub- 


Timber, 13 pp. ■ 


Feathers. 


Vainisli, 15 pp, V 


Fibrous Substances, ga 


stances, I2S pp. 


Vinegar. 5 PP- ' 


pp. 79 figs. 


Paint.' 


Wax, 5 pp. 


Floor-cloth, 16 pp. ai 


Paper, afi pp. 23 figs. 
Paraffin, 8 pp. 6 figs. 


Wool, 2 pp. 


figs. 


Woollen Manufacture^ 


Food Preservation, 8 pp. 


Pearl and Coral, S pp. 


S8 pp. 39 figs. 


1 Fruit, 8 pp. 


Perfumes, 10 pp. 


J 


London: E. & F. N. SPON, 135, Strand. 1 


1 Mow York : 13, Oortlandt Streat. m 



Crown 8vo, doth, with aiustrations, $1. 


WORKSHOP RECEIPTS, 


FIRST SERIES. 


By ERNEST SPON. 


SvNOPSis OF Contents. 


Bookbinding. 


Freezing. 


Paper. 


Bronzes and Broniing. 


Fulminates. 


Paper Hanging. 


Candles. 


Furniture Creams, Oils, 


Painlingin Oils, in Water 


Cement 


Polishes, Lacquers, 


Colours, as well aa 


Cleaning. 


and Pastes, 


Fresco, House, Tiaiu- 




Gilding. 


parency. Sign, and 


Concretes. 


Glass Cutting, Cleaning, 


Carriage Painting. 


Dipping Acids. 


Frosting, Drilling, 


Photography. 


Drawing Office Detdls. 


Darkening, Bending, 


Plastering. 


Drpng Oils. 


Staining, and Paint- 


Polishes. 


DyDBinite. 

Eleclro - Metallurgy — 


ing. 


Pottery— (Clays, Bodiet, 


Glass Making. 


Glazes, Colours, Oili, 


(Cleaning, Dipping, 


Glues. 


Stains, Fluies, Eatr- 


Scratch-brushing, Bat- 


Gold. 


mels, and Lustres}. 


teries. Baths, and 


Graining. 


Scouring. 


Deposits of every 


Gums. 


Silvering. 


description]. 


Gun Cotton. 


Solders. 




Gunpowder. 


Engmvii^ on Wood, 


Horn Working. 




Copper, Gold, Sdver, 


Indiarubber. 


Taxidermy. 


Steel, and Stone. 
Etching and Aqua Tint. 
Firework Making — 


Japans, Japanning, and 
kindred processes. 


Tempering Metals. 
Treating Horn, Mother- 


Lacquers. 


o' -Pearl, and like sub- 


(Rockets, Stars, Rains, 


Lathing. 




Gerbes, Jets, Tour- 






bUlons, Candles, Fires, 


Marble Working, 


and Use oL 


Lances,LighlsWbeels, 
Fire-balFoons, and 


Matches. ^ 


Veneering. 


Mortars. 


Washing. 




Nitro-Glycerine. 




Fluxes. 


OUs. 


Welding. 


Foundry Miilures. 






Besides Receipts relating to the lesser Technologi 


cal matters and processes. 


such as ihe manufacture and use of Stencil Plates, 


Hacking, Crayons, Paste, 


Putty, Wan, Size, AUojs, Calgut, Tunbtidge V 


/are. Picture Frame and 


Architectural Mouldings, Compos, Cameos, and 


others too numerous to 


(neotioii. ■ 


London: E. & F. IT. SPON, 135, Strand. 1 


K New York: 12, Coitluid.t &'u«a\.. J 
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Crown Svo, doth, 4B5 pagcB, with Ulnstratloiis, 51, 

WORKSHOP RECEIPTS, 

SECOND SERIES. 

Bv ROBERT HALDANE. 

Synopsis of Contents, 



Addlmetry and Alkali- 


Disinfectants. 


Isinglass. 




Dyeing, Staining, and 




Albumen. 


Colouring. 


Leather. 


Alcohol. 


Essences, 


Luminous bodies. 


Alkaloids. 


Extracts, 


Magnesia. 


Bakine-po wde rs. 


Fi reproofing. 


Matches. 


BUtei?. 


Gelatine, Glue, and Size. 


Paper. 


Bleaching. 


Glycerine. 


Parchment. 


Boiler Incrustations. 


Gut. 


Perchloric acid. 


Cements and Lutea. 


Hydrogen peroxide. 


Potassium oxalate 


Cleansing. 


Ink. 


Preserving. 


Confectionery. 


Iodine. 




Copying. 


Iodoform. 





Pigments, Faint, and Painting : embracing the preparation of 
Figments, including alumina lakes, blacks (animal, bone, Frankfort, ivory, 
Ismip, sight, soot), blues (antimony, Antwerp, cobalt, cserulenm, Egyptian, 
manganate, Paris, Piligol, Prussian, smalt, ultramarine), browns (bistre-, 
hinau, sepia, sienna, umber, Vandyke), greens {baryta, Brighton, Brunswick, 
chrome, cobalt, Douglas, emerald, manganese, mills, mountain, Prussian, 
sap, Scheele's, Schweinfurlb, titanium, verdigris, zinc), reds (Brazilwood lake, 
caiminated lake, carmine, Cassius purple, cobalt pink, cochineal lake, colco- 
thar, Indian red, madder lake, red chalk, red lead, vermilioo), whites (alum, 
baryta, Chinese, lead sulphate, white lead — by American, Dutch, French, 
German, Kremnitz, and Pattinson processes, precautions in making, and 
composition of commercial samples — whiting, Wilkinson's white, rinc white), 
yellows (chrome, gamboge, Naples, orpiment, realgar, yellow lakes] ; faiui 
(vehicles, tesling oils, driers, grinding, storing, applying, priming, drying, 
filling, coats, brushes, surface, water- col ours, removing smell, discoloration ; 
miscellaneous paints — cement paint for carton-pierre, copper paint, gold paint, 
iron paint, limo paints, silicated paints, steatite paint, transparent paints, 
tungsten paints, window paint, zinc paints) ; Pcantmg (general instructions, 
proportions of ingredients, measuring paint work ; carriage painting — priming 
paint, best putty, finishing colour, cause of cracking, mixing the paints, oils, 
driers, and colours, varnishing, importance of washing vehicles, le-vamishingr 
bow lo dry paint ; woodwork painting). 



London: E. & F. N. SFON, 126, Strand, 
New Torlt: 18, ^loxVlaate, %\.\wb. 
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■ workshop receipts. 


^^ THIRD SERIES. 


^^M By C. G. WARNFORD LOCK. 


^^^^B Uiiifarm with the Firet and Second Series. 


^^^* Synopsis of Contents. . 


AUoys. 


Indium. 


Rubidium. 


. Aluiniaium. 


Iridium. 


Rutheniun^ 


Antimony. 


Iron and Steel. 


Selenium. 


Barium. 




Silver. ! 


Beryllium. 




Slag. 


Bismuth. 


Lead. 


Sudium. 


Cadmium. 


Lithium. 


SlrontJnm. 


CiBsium. 


LubricuQls, 


Tantalum. 


Calcium. 




Terbium. 


Cerium. 


Manganese. 


Thallium. 


Chiomium, 


Mercury, 


Thorium. 


Cobalt. 


Mica, 


Tin. 


Copper. 


Molytidenum. 


Titaninm, 


Didymium. 


Nickel 


Tungsten. 


■Electrics. 


NiobiQiD. 


Uranium. 


Enamels anJ Glaies. 


Osmium. 


Vannilium. 


■Erbium. 


Palladium. 


Yttrium. 


■Calliiim. 


Platinum. 


Zinc. 


-Gla^ 


Potassium. 


Zirconium. ^^^M 


*loId. 


Rhodium. 


^H 


^B I/ODdon: E. & F. N. SFON, 125, Strand. 1 


^^^^ Wew York: 12, Gortlaadt B\,iaa\.. J 



WORKSHOP RECEIPTS, 

FOURTH SERIES, 

DEVOTED MAINLY TO HANDICRAFTS & MECHANICAL SUBJECTS. 
By C. G. WARNFORD LOCK. 

250 niostratioxiB, with Complete Index, and a Oeneral Index to the 

Four Series, 58. 



Waterproofing — rubber goods, cuprammonium processes, miscellaneous 
preparations. 

Packing and Storing articles of delicate odour or colour, of a deliquescent 
character, liable to ignition, apt to suffer from insects or damp, or easily 
broken. • 

Embalming and Preserving anatomical specimens. 

Leather Polishes; 

Cooling Air and Water, producing low temperatures, making ice, cooling 
syrups and solutions, and separating salts from liquors by refrigeration. 

Pumps and Siphons, embracing every useful contrivance for raising and 

supplying water on a moderate scale, and moving corrosive, tenacious, 

and other liquids. 
Desiccating — air- and water-ovens, and other appliances for drying natural 

and artificial products. 
Distilling — water, tinctures, extracts, pharmaceutical preparations, essences, 

perfumes, and alcoholic liquids. 

Emulsifying as required by pharmacists and photographers. 

Evaporating — saline and other solutions, and liquids demanding special 
precautions. 

Filtering — water, and solutions of various kinds. 

Percolating and Macerating. 

Electrotyping. 

Stereotyping by both plaster and paper processes. 

Bookbinding in all its details. 

Straw Plaiting and the fabrication of baskets, matting, etc 

Musical Instruments — the preservation, tuning, and repair of pianos, 

harmoniums, musical boxes, etc. 
Clock and Watch Mending — adapted for intelligent amateurs. 

Photography — ^recent development in rapid processes, handy apparatus, 
numerous recipes for sensitizing and developing solutions, and applica- 
dons to modem illustrative purposes. 



London : E. & F. N. SPON, 126, Strand. 

New York : IS, Coxt\aii.^\i BtXx^^X** 



JUST PTJI5LISI1ED. 

In demy Bvo, cloth, 600 pages, and 1420 Illustrations, 6s, 

SPONS' 
MECHANICS' OWN BOOK; 

A MANUAL FOR HANDICRAFTSMEN AND AMATEURS. 



Mechanical Drawing — Casting and Founding in Iran, Brass, Bronze, 
and other Alloys — Forging and Finishing Iron — Sheetraetal Working 
— Soldering, Brazing, and Burning — Carpentry and Joinery, embracing 
descriptions of some 400 Woods, over 200 Illustrations of Tools and 
their uses. Explanations (with Diagrams) of 116 joints and hinges, and 
Details of Construction of Workshop appliances, rough furniture, 
Garden and Yard Erections, and House Building — Cabinet-Making 
aiid Veneering — Carving and Fretcutting — Upholstery — Painting, 
Graining, and Marbling — Staining Furniture, Woods, Floors, and 
Fittings — Gilding, dead and bright, on various grounds — Polishing 
Marble, Metals, and Wood — Varnishing— Mechanical movements, 
illustrating contrivances for transmitting motion — Turning in Wood 
and Metals — Masonry, embracing Stonework, Brickwork, Terracotta, 
and Concrete— Roofing with Thatch, Tiles, Slates, Felt, Zinc, &c.— 
Glazing with and without putty, and lead glazing — Plastering and 
Whitewashing — Paper-hanging — Gas-fitting — Bell-hanging, ordinary 
and electric Systems — Lighting — Warming— Ventilating — Roads, 
Pavements, and Bridges — Hedges, Ditches, and Drains— Water 
Supply and Sanitation— Hints on House Construction suited to new 



I Londoi 



London: E. & F. N. SPON, 125, Strand. 
Vew York: 12, Coiti&u.d.'b QUeet. 
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